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PREFACE. 


( Second' jEdititn.) 

• 

The wi^it of a l|^ok on Geometrical Drawing suitable for 
Engineering - Colleges and Schools and odier Technical Schools 
in Be^al has long b^en felt. Problems .collected Ify my pre¬ 
decessors an«Umfself for teaching Geometucal drawing to t(je 
Engineer and Overseer students c^re, therefore, offered in a 
book from to the students of Bengal.' * 

The cours«*t>f Geometrical drawing for the Engineer and 
Overseer students include both the prdfctical ^lane and solid 
geometry. The practical'plane.geometry is suited for school 
course and is treated in part I. Besides plane geometrical 
drawings this part contains a chapter on scales, fuljy dealing 
with ihe simple scales, the diagonal scales, the comparative 
scales and the-straight vernier scales. " 

Sonte of the' problems in this book haye *been compiled 
from other books on the subject and some new problems have 
been added which is found useful th the students durirjg m/ 
long experience in thb teaching of geomeraical drawing to 
the students of the Sibppre Engineering College. The book 
has fyeen prepared with^he object o*f helping the students to 
leJtn the subject witjiS'ut any ^lelp/rom Heathers. The survey 
students and the pleaclets intending’ to appear in the survey 
examination will^’find this book useful. Inspite of my best 
efforts to correst all errorj f am sure there are 'some which 
have Reaped my nqtice. I shall be grateful <o the * teach jr3 
md other Readers oftjife bool* if they will^cintlly point out 
my ijitsiake^>r omisssons in the book. I shall also gratefully 
•eceivte all suggestions for improvement of the future edition^. 

Hth J une ' r 9 2 t 1 SURlvMDR't KUMAR BASU. 

SiBPq^, /* 
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•. CHAPTER I. 

INTRODUCTION. 

i' 

Practical Geometry or Geometrical Drawing is very useful, 
to those who deal with practical works. The Engineer or the 
Architect requires its assistance to solve }ns knotty problems 
or -to explain his methods, The difficult subject of applied 
mechanics is maue easy by the application of graphic statics 
and an ordinary draughtsman can find out accu.ately and in 
less time the bending moment of a beam or the tortional 
resistance of a shaft. If you can delineate the parts of an object 
with the proportions on paper you can be sure of the practical 
execution of the design. 

Tho principal requirement in Practical Geometry is the 
careful and accurate drawing of figures by means of mathematical 
nstruments! 

The instruments should be the best procurable in the market. 

“Stanley’s” drawing instruments are considered 
Mathematical or by the draughtsmen to bS .Superior 1 to any 
instruments other and “Harling’s” stand next to them. 

It is wiser to buy the f ;w most essential ones 
of good .quality than to buy a cheaper box containing all the 
instruments of.inferior quality. , , 

Tho names and the The following instruments will suffice for all 

instruments. ordinary works : — 

1 . Compasses or Dividers, are used for setting off distances 
or dividing straight dines. The special kind caHed the "hair- 
divillers” have one” leg which can be adjusted by'means of a 
spring and screw. These are very useful for dividing straight 
lires. In' using the compasses, they should be held at the 
top between tl\,e fore finger and thumb, with one or more fingers 
under tfta'hmgi to increase or diminish uie distance between 
the points gradually,’ the steel point should be guided by the 
fihger of the other Hand to the required.,point. 
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C , 2. {taw-pencil:—is a small pair yf compasses with one 
leg constructed to hold a pencil. It is used fyj*drawing circles 
and r.rcs. * ' • * 

, ,3. Bow-ink (or (pen) similar* instrunfefit to a bow- 
pencil ; it has a ruling, pen for one pf its legs instead of a 
pencil. It is used for inking in circles at»J arcs. Both the 
bow-pencil and bow-ink should have lyiiged Iggs, which will * 
enable the'legs to be kept as upright a? possible to the paper. 

It will pnovent large ftoles or uneven lines. • 

4. Drawing pen :—This is usetf for, inking in lines, the 
thickness of whith is regulated by a screw, fixed to the nibs. 

In psing the pen, first dip the nibs or blades in water and 
then wipe the outside surfaces dry; then with a clean sjeel 
nib, or quill, or a slip of papet, take up sonuk dtawing ink and 
insert it between tb^ mbs The proper thickness ol the line is 
obtained by screwing or unscrewing the blades. A few trjal 
lines should be drawn on a - separate piege of paper to sef the 
proper* consistency of ink and the thickness of the < line. The 
pen must be held steadily at the same angle to tho paper and 
firmly against the ruler, slightly' inclined in the direction of the 
line to. be #frawn ; both nibs should touch the ptfper and 
even p'ressure to be preserved. The motion of the arm 
in drawing the pen over the line should be made from the 
elbow and not from the wrist By attending to these points 
an.etjual thickness of lilte may be secured and rugged edges 
avoided.. If afttf Sometime it is found that the ink does not 
run freely from the pen, the defect cat^ he removed by passing «a 
slip of paper or the thirv blade of a [fen knjfe between the nibs. 

If the paper is not clean or greasy by frequent touching, clean 
sharp lines are irfipot.siblij T^e ink should b*. wiped om from 
between the nibs before the pen is ptfi aWay. I’Vie upper nibs 
in good drawing pens are hinged to the handle for the 
venience for cleaning and sharpening at' intervals on an oil 
stone. r In inking large drawings * two drawirtg pens are neces¬ 
sary one for'fine .lines and the othe» for ( thicker .lines and ‘ 
two drawing £pns are always found in a complete drawing 
instrument box. ' , < 

5 . Knife key:— A knife key, with a knife atbne efid, 
find two pins at the^therfor tightening or looseitir&tbe joints 
of compasses or bows is very necessary, to kee|J 'theYirst thfee 
instruments in gobd order. It has a ( file in jhe middle portion 
and a smalrchjsel projection to be uled as U screvy driver. 
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6 . Protractor :\-The most general use of. Protractor’s 
fot setting; off otupaper, any given angle^ A variety of'scales 
are also given t 0D both sides of the instrument which make it 
more useful, ft is generally a rectangular ’piece of ivory* fir 
box wood 6 inches lonf and ij.inches broad. Round three 

, of its edges the an|<leaare marked and numbered in two* rows 
the outside fi%m o° to»i8o° from left to’right and jhe inside 
similarly in the opposite direction. The #iethod of using it 
will be given afterwards.# ( , * 

7. A pair of set squares :—Two set squares havigg 
angles of 45° and 6o° respectively are very useful. These, are 
right angled triangles, used to obtain perpendiculars and also 
for*drawing paraljgj lines. The angles 15 0 , 30°, 45 0 , 60° 75 0 
and 90° can be drawn by their combined gge. Ebonite (black) 
or talc (white transparent) set squares are pr?ferable over 
wfiodcn pieces,as they are not liable, to warp., 

^n some boxes a pair of hinged parallel rulers is given # which 
can not always be trusted for drawing parallel lines as its useful 
ness depends on the equal tightness of the two hinges. 

Th<? following additional instruments are required f yf large 
architecturaj and machine drawings. • 

8 . 9, 10. Compasses with interchangeable pen and pencil 

legs with a lengthening rod for drawing large circles. , 

11, 12, 13. Spring bows (pencil, peA„*&nd points) for 
clawing very small circlest or rivet circles or for marking very 
small distances. * . 

1^. A proportional compasses :—Ust;d to reduce or 
enlarge a drawjpg*in any given praportiftn! *Phey consist of two 
equal and similarly formed parts opening upon a centre which is 
moveable and forming double pair of compasses. To use the 
instrument the centre*is shifted fip or down as required, thereby 
shortening one set’of legs anti lengthening the otljer. 'She dis¬ 
tance to be reduced.or enlarged is measured witlj one set df 
legs,#and the*distance shown by*the other pair will be the 
corresponding idhgth reduced or enlarged in a ratio depending 
uptm the position of the centre pin. * 

0 Peneifs* $%Two degrees of hardness sHbuld be used H or 
H H for* drawing in 'the, construction lindk asjd F for drawing 
in*the required figifre. with*Jirmer line^*when it is "hot to be 
isk^ed. The * pdhcils should be sharpened to a tfftderajely fine 
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point and'when used should be gently prised upon the paper. 
The lead can be best keot sharp on a piece of fi.lt glass paper,, 
i( Drawing Boards and T squares Fore drawings to 
be‘tinted with colours a drawing board is necessary which should 
be strong enough to be used as'a table when required and at the 
same time light to be easily moved, an* constructed of such 
rood as wdl not warp or expand and viontract.. For the con¬ 
venience of drawing on the paper mounted or pas'ed on the 
drawing board a 'T-squre is very useful Which is a ruler with a 
csqss piece at one end. It is like the letter T in shape. By 
keeqyag the stock or cross piece of the T-square pressed closely 
against the edge of the drawing board and moving it up or down, 
lines parallel to each other can be easily drawn on the whole 
length of the paper. 

Indian ink '.-—Indian ink or Drawing ink is used for 
inking in a drawing. The ink is prepared by rubbing a (jalie 
in a saucer. It should be carefully rubbed, free from grit and 
not too thick. It should be so worked up as to insure a 
thoroughly black line which can be found out by a few trial 
lines cq a piece of paper. Liquid Indian ink sold in trottles is 
very convenient as it is always ready for use. It is now obtained 
of excellent quality in i oz or J oz bottles with glass stoppers. 
The best cakes should be genuine Chinese ink in sticks. The 
advantage of the '’rawing Ibk over common ink is that the former 
dries quiokly, ddes^iot corrode the pen and the lines can be 
washed for colouring without any fear <?f running. • 

Besides the above a pencil eraser and a pen knife are 
required. „ r 

The four important instruments together jvith an' ivory 
protractor, a pair of ebonite set squares," two pencils, drawing ink, 
eraser and a good pen knife will cost Including a box *tor 
instruments about Rs. 45. ' ' <■ 

.. ! 

GENERAL E.ULES APPLICABLE T 0 ALL DRAWINGS. - 

1 . Never draw a single fine that is not absolutely^ necessary. 

This requires little practice and carefulness. ' , 

2 . Always rule a line from left to right Rod slope the 
pencil slightly toward? the direction in which iti is ntwing ag.d 
inclined away frrftn the front which ensure the point of the 
pencil always touching the edge of line raleh Paess upon the 
pencil lightly so that the lines need be only just visible, , ■ 
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8- All lines shotJki be drawn sufficiently long at* first, *to 
aweid the necessity for subsequently producing them which is 
not an easy wpr^; for a beginner. 

4. ‘Always work from the whole, to parts, and nbt from 
parts to the whole.. This is an irrfportant principle in surveying 

*as well as plan drating and is especially, to be observed’in the 
construction of scales. * , , 

5. Hhving determined the extent of 5 line, always ruh out 

the superfluous length. * ' 

6. Avoid using eraser more than is necessary as* ft 

tends to injure the surface of the paper. After inking *in a 
drwing, use stale bread in preference to India rubber for clean¬ 
ing it up as it renflfves the dirt without removing the fibres of the 
paper. • • 

* 7. All angles should be set off, and points determined by 
means of the largest circles which circumstances will allc(v to be 
described. .* 

8. .The larger the scale is df the drawing the less "liable is 

the resiflt to error. • 

• 

9. la determining a point by the intersection of circulai 
arcs or straight lines, these should not intersect'at less than 30°. 

10. All arcs should be inked irw first, asjt is easier tojoic 

a line to an arc than an arc to a line. . . * 

• 

• 11. Keep all instruments perfectly clean ; do not leave ink 

to dry in the drawing pen. . 

18. For the .convenience of inking arjs of circles, it is 
advisable to cpnflect the arc witf its* cArftsponding centre bj 
eijclosing the centre point in a small circle and drawing a dotted 
line from it Jo the ar? terminated by an arrow-head. 

* 13 - Every drawing should have one or more long line! 
along the length and across the breadth of the paper and nearlj 
on*the rSiddle of It. ?U1 qpw lin^f should be laid off from thekt 

oni4p linps * • 
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CHAPTER II. 

PRINTING. 

A great deal cl practice, care and perseverance is necessary 
to attain perfection,in printing. A gisod style of printing is 
^essential to the- production of a really good engineering or 
topographical drawing, specially the latter as it abounds with the 
names of towns, villages, &c. Engineers and superior officers 
need not spend much time in practising .good printing which 
hould be sought after by the draughtsmen and the subordinate 
anks. J 

Generally speaking the Block printing is the best (or all 
kinds .of headings,, being neat and legible. Fancy, letters may 
occasionally be used in topographical drawings Iwt never in 
Engineering drawings, the plainer the letters are in n drawing 
the better. .. " 

Block Printing may be either upright or sloping. The 
proportion of breadth to height ranges from the square form, in 
which the breadth is equal to the height to the elongated, in 
which the breadth is one*third of the height. 

First decide'the height of the letters to be used for a heading 
in a drawing in proportion to the si/e of it. It depends on the 
taste and experience of the draughtsman to'select a good height 
for the heading of h,;s , drawing which will - neither appenr too 
small nor too big. For drawings about 26" x lo" size half an 
inch to three quarters of an inch is the proper height and t^or 
drawings on paper 40" x 27," |tlj" to 1}" may he selected 

The rectangular forms of letters look betier than the square 
forms on drawings. A neat and synvnetrical appearances is 
arrived at Waee, the breadth o( the majority of the, letters i| |th 
of i*he height. Divide the height selected into 5 eqcal spaces. 
Make the breadths of I — 1, J = 3, F,L - 3I, T,W=,<f spaces, 
M-4or5 spaces as it is drawn thin or thick and of the‘.e- 
ipaining letters = 4 spaces. The space betwdefl e&oh wotd 
may be equal to or 5 spaces. Take care ttjat the terminations 
of all letter's should be* always flat rand never panted. In 
elongated letters divide 'the height selected iAto jf equal spaces' 
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and keep the breadths of the letters the same as, stated before.* 1 
TJj^y will then fosk elongated., # 

The following hints’will be found useful ;— 

X. 'The cross strokg of A should be» about |rd up fflorn tTie 
bottom. » 

2 . The ««pper [lection of the letter B is little smaller in 

height and breadth'than the lower portion. % 1 * 

3 . In C and G the* lower termination is exactly Selow the 

upper one. • » 

4. The upper strokes of E and Z should be little shorter 

than the lower ones. ’ 

5 . The upjfcr diagonal of K meets the perpendiculur 
stroke two-thirds of the way down. The lower^diagonal joins 
tbe upper one and is so drawn that it would meet the upright 
lineiif produced two-thirds of the wtay from the bottom. 

6 . The upper curve of S is little smaller than the tower 

curve. , 

Stntfll prints in drawing are better done by Italic printing. 
Rule three parallel lines to regulate the heights of the small 
letters and' capital. The distance apart of ^he’ top space is 
about -j-jjth of an inch and of the bottom space about jth of an 
inch ; the height practically depends on Jthe size of^the 
drawing. Inclined parallel lines should then.he rule^ abJut J 
inch apart to define the slope of the printing. 

The beginner sjjould pencil in ea<ih letter before inking in ; 
when he has gamed sufficient proficiency in printing the pen- 
ciling*may bejdis'pensed with. t ' 

% In printing in drawing the letters should he so placed 
that the worijs can be read without having to turn the drawing 
'round. 
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CHAPTER III.*’ 

0 r * 

DEFINITIONS ANT) TERMS USED IN DRAWING. 

* 

A few definitions and terms are given belovr which will be 
found useful to beginners :— 

1 . A vertical Jine is a right line fchich points towards the 
centre of the earth and is in the same r direction as a string 
suspended with a weight attached to it. On paper it is drawn 
up uf>-right right in front. 

2 . A horizontal line is a straight lir« which forms a 

tangent to the surface of the earth at the point where you are 
standing. It ‘is a line drawn at right angles to the vertical 
line. . . , 

3 . ° An.obliqufe line is neither horizontal nor vertical. 

C. 

4. «A quadrilateral figure 15 also called a trapezium when 
none of its sjdes are parallel but may have two of '4s sides 
equal. Tigs, r & 2. 

5. A trapezoid is a four sided figure which has only two of 
its sides parallel to each other. Fig. 3. 

>•{(. An oblong is a reitangle. Fig. 4. 

7. k rhombus is a four sided figure which has all its sides 

equal, but its angles are not right ang/es, it is a parallelogram 
whose four sides are equii. Fig. 5. _ ‘ 

8. A rhomboid is a four sided figure which has its opposite 

sides equal but its angles are n! 5 t right angles. It fs a parallelo¬ 
gram. Fig. 6. * 

9 . Polygons are plane figures that contain mfire than four* 

sides. , • 

• Regular .Polygons have their sides add angles equal Eight 1 

such polygons are in ordinary i!se. < * • 

* 1, Pentagon ... a five sided figure, figi 7 

' 2. Hexagon ... „ six „„ „ , ,,, 8 

3. Heptagon „ seven „, „ ‘i 9 

‘ 4. Octagon .• „ eight ,,, •„ „ 10 

5. Notiagon nine *• „ . < „ n 

JS. Decagsd ... . „ ten „ 12 
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> r 7. Undiqagon . eleven /„ ,, „ ij 

8. . Duodecagon ... „ twelve „ - „ „ ,14). 

Rule to find the angle of a regular'polygon t 
1 To find the angle of a regular polygon divide 366° by the 
number of sides it contains and subtract the -quotient from 180 0 
the remainder is the angle between tf>e sides/>f the polygon/ 
r For instance to find the angle of a ntfnagon divide 360° by 9 
wnich is 40° and^then subtract 40 from 180 which is equal to 
140° the angle df a -regular nonagon. 

' c 10 . An ordinate is a line drawn from a point in a curve 
perpendicular to the axis or the principal diameter as AB in 
fig- IS- 

11 . Ari abscissa is the part of the diameter cut off by an 
ordinate as VC in Fig. 15, 

12 A diameter of a polygon is a line which passes throif|h 
the cgntre of the [iolygon and may pass through’one corner of 
the polygon and the middle point of the opposite sidp when the 
numben of sides of the polygon is uneven, or through the 
middle points of the two opposite sides of a polygon, **then the 
number; of sides of the polygon is even. It bisects the figure, 
AB in Fig. 7 'and AB and CD in Fig. 8. 

13 . A diagonal of a polygon is a straight line which join, 
the angular points of the polygon which are not consecutives 
as aB, jVC, AD,’or AE. Fig. 9. 

14 . An angle is the inclination of two straight lines to 

each other which meet t at a point. 1 This, point is called the 
vertex of the angle. It is described bythe revolution of one of the 
two lines, with the (erteif as the centre, sta*rtiJig from thS other 
line which is considered as fixed. CTmefally the left of the two 
lines revolves in the direction from the right to the left. The 
value is measured by degrees on the arc of a circle described of 
any radius with the vertex as the aentre. Ij ’is quite a distinct 
pieasurement'from the linear or space measurement. . 
t“F.The arcs DE and FC* show’the same angle although FC 
.is lenger than.DE. Fig. 16. ‘ ► * , 

' 15 . When a complete revolution ABE A is divided intp 4 

equal parts by two straight lines crossing eacfc*, it^er at (Jie 
vertex which is the centre here then each'of.the quarters'is calleji 
a right angle, / &CB on /.BCE &c. Whet) the revolution is less 
than a right %ttgte it is ap'acute angle as /.AQj.-F ig. 17. 
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* Wb3n it is more than a right angte but less than two right 
angles it is an obtuse jngle as /ACK and when it is more .than 
two right angles and less than one revolution i^ a reflex angle 
As*/.ACL or /ACM^ Fig. t7> , 

16 . Abjacent angles hkve a co'mmoj vertex and one 
comthon side as /JJAC and /.CAD. <rA the pmraon verterd 
, and AC the common side. Fig. 18. ' * 

17 r The supplement of an angl^ is the difference between 
it and the two rfght'angles, /CAD is the supplement of /CAB 
< »nd vied versa. 'Fig. 19. 

* 18 . The complement of an angle is the difference between- 
it and a right angle. /CBD is the complement of /ABO*and 
vied versa. Fig. 20. ” 

19 - RLctilineal figures are those which are bounded by 
straight lines as triangles, quadrilaterals and polygpns. 

£ 0 . The sum of the sides of any rectilineal figure or the 
length of the boundary of any figure is called its peritneter. 

21 . Any side of a triangle, quadrilateral or polygon may 

be ctJ/ed * ts base. Usually the side which is horizontal or 
nearly so is taken as the base. • 

22 . The height of a figure is called its altitude. The 

perpendicular from the opposite angle to the base of a triangle 
is Its altitude, .as BD perpendicular to base AC of the triangle 
ABC, ftg. 20A.’ , 

23 . The line whifh divides a'triangje into two equal parts 

from a corner is called the median off the triangle. It is a line 
from a corner'to'the .middle point of ‘ths opposite tiide as 
AD, Fig. 21. * * 

24 . When a rectilineal figure, is ‘drawn jnside another 

rectilineal figure so that all its afigular points .lie on the sides 6f 
the outer figure the former is sat’d to be inscribed in the other, 
.FGHK is inscribed in A 3 CDE. Fig. f2. > ■ # 1 

* I 4 |. 

25 . When a rectilineal figure if so drawn /hat it/ sidA pass 
'thfcugh all the angular points of another rectilineal ^figure /he 

buter figure is said to be circumscribed about /he inner figpte. 
ABCDE is circumscribed about FGHK. Fig. 21., Vy 

The term infer! Be is also used as oppose)! to describe. 
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tH'APTER IV. 

• • • i 

Rules for Joking n* Drawings. 

1. CWvcn lines to be thin continuous lines. f 

2. Resulting linos to be tlJck continuous lines. 

3. All constructiomhnes to be thin dotted lines. 

- LINJvS AND ANGLES. - 

1 . To biseot a given straight line. F.“g. 23. 

Let AB be the, given straight line. VV*ith'A as centre and 
radius more than half the lme draw arcs above and below tire ■ 
line. With B as centre and with the same radius intersect the 
arcs already drawn at C and D. Join CD by a straight line which 
will not only bisect.Ae line but will be at right angles to it. 

2 To draw a perpendioular to a given rkraight line 
(a)»from a point in the line (b) from a point without it. 
Figs 84 and 26. 

(a) Let .AB be the given straight line. C is a point near 
one end of it' Take any point 0 911 the upper side of AB. With 
O as centre and OC as radius describe a circle cuttirjg AB 
in D. Join D O and produce it to meet the circle at Rv Join 
EC. Then <ECD is a semicircle and the angle' ECI) in the 
semicircle is a right angle. Fig. 24. 

(A) Let FG be the given straight line and K the givpn 
point outsidE it. With K. as centre and radius more t{ian the 
distance of it from FG draw the arc LMN’ cutting F G in 
L and N. With L and N'as centres and with radius more 
than half the distance 1 VL intersect arcs m P. Join KP. Then 
KP wittbe perpendicular to FG. Fig. 2,5, ' 

3. Divide a giv&n “straight line into any number of 
eqdhl parte, say 8 parts. Fig. 20. 

■ Let AB be the - given straight line to be divided ; draw a 
right line AC making,any angle with AB. Set off on AC any 
‘convenient' length 8 times as At, {2, 23, ,34, 45, 56, 67 and 
7 C. Join C a-Sd B. Draw from the points 7, 6, 5, 4, 3, 2, and 
1, lines pathMel t6 CB then AB will be divided into 8 equal ports, 

*4. Divide a straight line AB, i* inohes long into 
parte whipb eljall have the ratio to each other of 2 : 31 5 . 
Fig. 27.* ’ , ’ 

* Draw a ^straight, line 'AB and mersure ori ij a length of if 
ncljes either from foot rule or from’the inch-.scale on the 
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back of protractor. Draw AC mftkiq* any angle with AB. 
Set off a length 2 + 3 + 5 - 10 times on AC and mark the 2nd, 
5th'and the last point ^o. Join the last,, point 10 with B. Draw 
tjirough the 5th and the 2nd points lines parallel to e 2 : 3 : 5 in the 
points D and E. AD : DE : EB :: 2 : £ : 5. Fig. 27. 

£. To find the third proportional between two given, 
lines A and B; i.e. tod a length G so ,that A:EK: BiO. Fig 28 

Let A and B ty the two given lines. Take any .straight line 
as DE and set off distances from one 'end of it DF and FE 
equal to A and B respectively Draw a straight line DO equal to 
B'and making any angle with DE. Produce DO and join GF. 
From the point E, draw EH, parallel to FG meeting DO 
produced in H. Then GH will be the ^third proportional 
between A and B and will be equal to C. 

6 . To find the fourth proportional between three 

f iven lines A, B and C. i t. find a length D r so that A : 
l:-.C:D Fig. 29 . v 

Take EF and FG in the same straight line and equal to 
A and B respectively. Draw a'line EH. at any angle „with EG 
and gqual ,'o C. Produce EH and join FH. DttAw GK 
paralleT'to FH meeting EH produced in K. Then HK is 
he fourth proportional and is equal to D. 

7 . To find the mean proportional between two given 
tlirqss A and B.fhat is to find G so that AiCuCiB. Fig. 30 . 

Talfe DE, EF on the same straight line and equal to A 
and B respectively. On the whole li/.e DF draw a semicircle , 
DHF. From E draw k EH perpendicular 1 to DF meeting the 
semicircle at H. , Then EH is the mean prqnortional fpitween 
DE and EF i. e. between* A and B i. \ EH is eqaal to C. 

8. Divide a given straight line AB in the extretne 
and mean ratio that is to find a point C in AB such that 
AB: AC:AC:CB. Fig. 31 . , 

Bi&ct A-B at D and at B draw BE perpendicular to AB 
ahd equal to BD i. e half of A, B, Join EA. Witji E as centre 
and EB as radius draw an arc BF meeting EA in .Ft With A 
As centre and AF as radius draw an arc FC meeting, AB in G. 
Then AB is divided in C such that AR<AC::AC:CB., » 

, 9. To find a point M in a given straight iine &B 

which shall be equidistant from two given points P and 
Q Without the line. F ig 32 . < 
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t Joip, PQ. Bisect PQ at C. From C draw C M perpendi¬ 
cular to PQ meeting AB in M. Then M is the- required point, 
as MP and MQ are equal. 

■> > in. Prom two given points without a straight line 
to draw two straight lines to meat the given line and 
make equal angles with it. 

Let P and Q -he the two givei^points and AB the given 
straight line. I)ra\y t PD perpendicular to AB and produce it 
to E anu make DE = PD. Join EQ cutting AB in C- Join PC, 
Then /.PCA=/.QCB that is PC and QC tre equally inclined 
'to AB. 

11. To bisect a given angle. Pig. 34. 

ist method Let BAC be the given-angle. With A as 
■centre and with any ixmvenient length as radius draw the arr 
EF meeting aB and AC in E and F respectively. With E and 
F as centres with any radius draw arcs intersecting in G. _ Join 
AG. /Then AG bisects the /.BAC. 

2nd method : Fig. 35.—Take any two points -.D and E ir 
AB -^with A as centre and radii AD and AE draw arcs meeting 
AC tp F and G respectively. Join DG and EF which-intersec 
in H. Join AH. Then AH bisects the angle BAG. 

12. To triaect a given right angle. Pig. 36. 

Let ABC be a right angle. With A as centre and with an; 
■ratrus AB draw>the quadrant BC. With B and C as centre 
and with the same radius AB intersect the arc BC in D and E 
Join AD and AE ; then AD and AE will trisect the quadrant. 

13. To draw a straight line parallel to a given straigh 

line and at a given distance. Pig. 37. < , v 

Let AB be the given line and B the givSn distance tak 
any two points E and F in the line AB and draw perpendicular 
EG and FH from these points to the line AB. <Make the pei 
pendiculars equal to D by compasses or by arcs drawn fror 
the points E and F with radius equal tp D. The lipe passin 
through G and H is pa.allei AB. r 

.. N.B. Practically perpendiculars and parallels drawn b 
set squares and not by geometrical problems. It requires liitl 
practice to learn the use of set squares one of which is to b 
held firm to the papej when the other is moved. Fig. 38. 

14. To draw a dine through 'a given point parallt 
to a givefi line. 
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‘ ' Let iAB be the given line and G the given point. From 
C draw: CD perpendicular to AB. Take a point JC in AB as. hr 
away" from the point D as convenient and draw EJ r perpendicular 
to-AB. Make EF equal to CD. Join CF and produce it both ways. 
The line CF is parallel to AB and drawn through the given 
point C. Fig. 39. 

The parallel through C can be driwn as well by a pair of 
set squares. r , 

15. To determine the direction o ( f the line which 
Wpuld bisect the angle between two converging lines, 
intersecting beyond the limits of the paper. Figs. 40 & 41. 

Let AB and CD be the two converging lines. 

1st Method : —On CD take any point E. '* Draw EG parallel 
to AB. Bisect’he angle CEG by EEL meeting AB 111 L. Bisect 
the line EL by HK which intersect italF, This bisector HK will 
bisect the angle between the two lines AB and CD vhen 
sufficiently produced. Fig. 40 

. ,2nd-. Method:—lake any point E in AB, draw EF per¬ 
pendicular 10 AB and of any convenient length. Take jnother 
point C : n CD ; draw GH perpendicular to CD and equal to 
EF. Through F and H draw straight lines KF and KH 
parallel to AB and CD respectively intersecting at K. Bisect 
the angle FKH by KL. Then KL produced will bisect the 
anglfc between A A and CD. Fig. 41. 





LINES ANtl ANGLES, j 19 

16. Determine thfe direction of the line drawn flhrougt 
a siren point between two converging lines which wqpld 
pass througb^tiie point where the two lines meet. Fig. 42. 

Let «AB and CD be the two converging lines and P anj’poml 
between them. Dr^w an^ straight fine DB intersecting the two 
•given lines at D and ^ on one side of the point P and anbther 
straight line CA on, the ether side of the point and parallel to , 
DB. Join CP and AP» Draw DE and BItparallel to t CP and 
AP respectively meeting at E. Join PE which produced will 
passthrough the pAnt where the two convergent lines meet. , 

17. Through a point P draw a line making equal 
angles with two converging lines AB and CD. Fig. 43. 

Let AB and SD be the two converging lines Through 
any point F in AB draw EFG parallel to CB. Bisect the angle 
E^'B by the line FK. Through 1 ’ draw PH parallel to KF. 
The Ijne PH makes equal angles with AB and CD. 

18. To.draw an angle equal to a give A angle- Fi§- 44 _ 

Let A 1 ?C be the given angle.. Draw a straight line 

the poin^D on the straight line DE an angle is to be gonstj^ted 
equal to ABC. With B as centre and with any radius B^r'araw 
an arc AC meeting BC in C. With the same radius and from 
D as centre draw an arc EF. Set off the chord length AC from 
the point E on the arc EF as chord EF. , Join DF and produce. 
Then the angle EDF is equal to the A ABC. *, * 
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19. ' Ter divide a right angle 1 into 5 equal parte. 

Fig. <46. , 

Let ABC be a right angle. Difide one< §jde BC in the 
extreme and mean ratip in D so that BC : BD:: BD: DC. With 
B as centre and BD the greater segfbent as radius draw the 
quadrant DF cutting BA in F. With C, as centre and CB as 
radius describe the arc BE intersecting the t arc DF in E. Then 
the arc f'E is a fifth of the quadrant FD. Setoff on FD arcs 
equal to FE which will divide it into 5 equal parts. The greater 
r segment of the side BC should be towards tf.ie right angle. 

20 . To find the Arithmetic, the Geometric and the 
Harmonic mean .between two given lines AB and BC. 
Fig. 46. 

Place the two lines AB and BC as one straight line ABC. 
Bisect AC h D SVith D as centre, and radius DA draw the 
semi-circle AEC. From B draw BF. perpendicular to AC 
meetjng the semicircle in' E. Join 1 ) 11 . Frofa B draw BH 
perpendicular to' I)E. Then AD is the Arithmetic, BE the 
•Geometric and EH the Harjnonic mean between'AB and BC. 

.all. To divide a given straight line harilipnically. 
Fig. ■i‘7. 

AB is the ( given straight line. It is required to divide it in 
two points C and E such that BA: AC: : BE: EC or to find a 
length AE such that BA—AE : AE—AC:: BA : AC. 

* Take C arty point in AB and on CB describe a semicircle. 
Draw A.D a tangent to the semicircle touching it at D. From 
D draw DE perpendicular to AB. Then BA : AC: :BE:EC. 
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22. A given leigth, is lji inches long • fln^ lines 
representing «/2, JZ, JQ &c. Pig. 48. ' 

f.et AB be jhe gives length representing i| inches ffom 
a scale. 1 * , • * 

To find the unit length, divide AB into three equal parts 
in C and D. Then^ae(i part represents £ inch and AD=?x|" 
= i"=unit length. .Drain AE perpendicular to AB tyad equal 
to AD. Jojn DE, then DE represents -1/2. *At E on IJD draw 
EF perpendicular to it anS equal to AB. Joip ED ; then FD is 
= 1/3. Draw EG perpendicular to FD at F >and equal to it,. 
Join GD. Then GD represents yj 6. f 

To construct certain angles without the aid of a 
pro'ft-actor. 

Draw a circle of any radius ; divide the» circumference into 
4 gqual parts by two diameters crossing each offier at right 
angle^. Then gach division is 90° Bet off th.e radius length on 
the circumference and join these points with the.centre, themeach 
angle at the Centre is 6o°. 

By tfee use of set squares’ 45 0 and 6o° the foll^rflng 
angles rail be easily drawn. * 

ij°. 22i°, 3°° 45°. 6o°, 67J 0 , 75 0 , 90°, &c. 
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TRIANGLES AND QUADRILATERALS. 

23. On a given straight line to cor struct a triangle 

similar or equiangular to a given triangle. ?ig. 49, ' 

Let ABC be the given triangle anci HK the given line, At 
H on HIv draw the*angle OHK = l_ B4C (prop. 18 —Cliap. IV) 
and at K draw the angle OIvH= i_ BCA, ,fhen the/. HOK is 
'equal to the remaining angle ABC and the triangle OHK is 
equiangular to the triangle ABC. 

24. To construct a triangle, the three sides being 
given. Let A, B and C be the three giverl sides. Fig. 50. 

Draw a**straigh¥ line EF equal to C. With E as centre 
and radius equal to A draw an arc and with F as centre add 
radius equal to B dfaw an arc to intersect the first arc at D."Join 
DE and DF. Then DEF is the triangle whose three sides are 
equal te A, B and C. 

limits problem is useful for plotting the triangles ol'r. survey. 

25. ' To, construct an isosceles triangle, the base 
and altitude being given. Fig. 51. 

Let BC he the base and D the given altitude. Bisect 
BG at E and draw EA perpendicular to it and equal to D. 
Join AB and AC,- Then ABC is the required isosceles triangle. 
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26. To construct a Jtriangls with two sides equal to» n t» 

two given lines and the included angle equal'to a given 
angle 0. Pig. 52. < • • * • 

Let A and Tfhe the two given lines and C the given $ngle» 
Draw an "angle DEF eqjtal to C, the given angle. Markoff 
EF equal to B and DD equal to A. Join DF. Then DEf is 
the required triangle. * • 

27. To construct a triangle giver^ two sides and * 

an altitude." Pig. 53. • , • 

Let AB be the gtoen altitude, C and D the two given sides. 
Through B one end of the altitude draw EF at right angle? 
to AB. With A as centre and with radii qqual to C and D 
resptSitively draw arcs cutting EF in E and F. Join AE and 
AF. Then AEF is’fhe triangle. 

28. To construetia triangle, given the verReal angle, 
orife of the base angles and the base. Pig. 54. 

Let l_ E be the vertical angle, L B, one of .the base eagles 
and AC the*base. * 

At A, on AC make the angle CAl) equal to Z.B. In* Etfffe 
vertical aligle make the angle EFG equal to /_ B. M C^ffraw 
the angle i^CD equal to the angle EOF. Then, the mangle 
DAC is the required triangle. • 
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, 29. To construct a triangle giVen base, one angle 

it the base'and the difference of the two sides. Fig. 66. 

r Let AB be the btse, C C th£ giveij angle of the base' and 
D the difference of the two sides. * ' 

At A on the line AB make ap angle equal to ‘the given 
angle C. Mark off AF equal' to D, the given difference of the 
two 'sides. Join F.B. Bisect FB at fight armies by a line* 
, meeting , 4 F produced in E. Join “EB. ' Then AEB is the 
required., triangle. r ’ ( • 

30. To construct a triangle given the base, the 
.yertical angle And the sum of the two sides. Fig. 66. 

Let B be the base, C the vertical angle and D the sum of 
the two sides or perimeter minus the base. Draw anjfcline 
AF and make it equal to D. Bisect the t, : ven vertical angle 
C. At F on the line FA construct an angle AFE equal to 
half the vertfcal angle C. From the point A and with radios 
equal to B draw ,an arc cutting FE in E. Join AE. Bisect 
FE at right angles, by GH meeting AF in G. Join,GE. Then 
GEA is the required triangle. 

' ' To construct a triangle the base, altitude and 
the «^rticul angle being given. Fig, 67. 

Let AB be the base, C the altitude and L D ,the vertical 
angle. At A on AB make the angle BAF equal /.D. At A draw 
AO perpendicular to AF’. Bisect AB at G and draw GO 
perpendicular tc^AB mee’ting AO in O. Then with centre O 
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and radius OA draw a^irole AEHB. The angle ip tha segment* 
4 ^HB is equal tozBAF=./D. Dra^v EH parallel ,to AB 
at a dlstarice C^from it and cutting the circumference in I? and 
H. Join Afi, BE or AH and BH. Then'AEB and AHB are ■ 
the two triangles with the given conditions. 

• 32 Draw alright angled triangle, given the'hypo- 

tenuae and fine qf thq sides. Fig. 58 

Let AB be the hypotenuse and C the length o^one side. 
Describe a semicircle ADB on AB. VVijh ft as centre and C 
as radius intersect? the arc of the semicircle in D. Join ^p 
and DB. Then ADB is the required triangle. 


33. Draw a right angled triangle, given the hypo¬ 
tenuse and th<^ perpendicular let fell on to it from the 
opposite angle. Fig. 59. t 

% Let AB be the hypotenuse. Draw a semicircle on AB. 
Let.C be the given altitude. Draw FGjrarallel to AB at the 
distance C from it (prob. 13—Chap.IV). FG cuts the «ircum- 
ference at»F and G. Join AF, FB or AG, GB.' Then AFB 
or AGBjs the triangle with the |iven conditions. 

34? Construct a triangle given two sicffes JsfB the 
included {nedian. Fig. 60. . 


Let A and B be the two sides and C thAincluded median 


Draw a triangle DEF with the tyde DF=A, DE=B and 
EE = 2C, it., double of the given median. Bisect the sid# FE 
in G. Join DG and produce it to H making equtfl to DG. 
Join EH. Then DEH is # the required triangle. 

• • 
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, < 35. ,To construct a triangle t{ie \ikse and the ratio of 
the angles b6ing given. Fig. 61. 

Lift AB be the bast and the ra'tio of the angles be as ' 2 r : 
3 \ 4- * _ ** 

Prbduce BA ; with A as centre an<^ with any radihs des¬ 
cribe a semicircle. Divide this semicircle intone + 3+4 = 9 equal 
parts (first into 3 equal parts by setting oft the radius length on 
the arc and then divide each part into eqt.al parts by trial) 
mark tha. divisions r as 1, 2, 3, 4, 5, &c. Join A2 and produce. 
Join A5. From B'draw BC parallel to A5 meeting A2 produced 
ip,C. Then ACB'is the required triangle. 

36. Construct a triangle, the perimeter and the pro¬ 
portion of the sides-being given. Fig. 62. 

Let AB be the perimeter and the ratio^of the sides be*as 
2 4 : 5. Draw a line ( at an angle to AB and set off any con¬ 
venient lengtfi 2+4 + 5 = 11 times on it. Join B and the 11th 
point. From the 6,h and the, 2nd division draw 6E and 2D 
parallel to Bn cuttjn?; AB in E and D. With 1 ) and D as 
centres and' with D V and EB respectively as radi'i draw arcs 
Cutting euch other at C. Join- DC and CE. Then CDE is 
the rePS.ired triangle 

37 N Given one angle at the base, the altitude and the 
perimeter of the triangle to construct the* triangle. 

Let L D he the angle at the base, C the altitude and 
ABv.he perimeter: 
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. Draw any line GH'and take any point P in it. At P wijji , 
GP make the /GPE= Z D. Draw the line KL parallel to 
GH 5 nd at the distance C frfim it. LA KL cut PE *a» E. 
Take EK^*EP*and make KL = AB the penimeter. Join ( 
Bisect PL at N ; draw NF perpendicular te PL meeting ft.L at 
E. Join KP The%PFfi is the required triangle. 

* 38 Given the vertical angle, altitude and half the 

perimeter, constrftct the triangle Pig. 64. • • 

Let L C be the vertical angle, AD the altitude arffi Al' = 

J perimeter. • * , 

On A Fat A make the angle KAE= Z. G. Make AE=AF= 

\ perimeter At E and F draw F.O and F£> perpendiculars to 
AlJUnd AF respectively meeting at O. With O as centre and 
OE or OF as radius draw the arc EKF and with A as centre and . 
AD as radius draw the arc DM. Draw a conJtnon tangent 
13 KCD touching the two arcs EKF and HD at K and D. Let 
the tSngent ifKCD cut AE and A? at B antl^C. Then .yiC is 
the reqtiirer]»triangle 

39. The perimeter of a triangle is 3 % inches^,*** 
vertical ftngle is 60’ and one of the sides is half, tha^paee. 
Construct the triangle. Pig. 65. * 

Take #ny straight line AB, and draw % s*egment of a 
circle on it which will contain 6o° With A a$ centre and half 
of AB as radius intersect the arc of the segment m C. Join AC 
and CB Then ACB is a triangle which has 6V vertical angle 
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ard AC one side equal to half the base. Produce AB both 
ways.. On the produced portions take AD = AC and BE=BC 
Then DE is equal to the perimeter of the triangle, ACB, 

D<raw DF'equal to 3 j inches at any angle with DE. Join 
EF and draw BH and AG through the points B and A parallel 
to EF. With G and H as centres and. "with GD and FH 
respectively as radii draw arcs cutting eacjj other in K. join 
KG and KH. Theyi KGH is the required triangle. 

40. Construct a triangle having given the base, alti¬ 
tude and the sum of the two sides. Fig. 36 

Let B be the given base. A the sum of the two sides and T 
the given altitude. 

Draw FN = B and bisect FN in C an® produce it both 
ways to D a~d E maxing CD = CE=e* = half of the sum of the 
two sides. Draw CG perpendicular to FN. With F as centte 
and CE as radius describe an'arc intersecting CG in H. Make 
CK--T the given altitude; through IC draw KLP parallel to 
With C as centre and CE and CH as radii draw circles. 
Let tee smaller circle cut the line KLP in L. JoiiCLand 
produhwit to meet the outer circle in M. From M draw MP 
parallel to CG meeting KLP in P. Join PN and PF then 
ENF is the requ.red triangle. 

sV. B. The point P is on an ellipse of major axis DE and 
minor axis CH. (see chap. XII, Fig. 201). 




' 41. To construct) a •triangle having given the baJe * 
perimeter = 2J" and thq area=0 “J2 Sqr.in. AB*»base, 
EP=perimete|—base wlj". Fig. 67. 

From the area we are to find the t^ltitutfe of the twang®. 1 
Draw AB«= t" and BC^erpendicttlar to AB and equal to o'42" 
•Then the rectangle Abstained by AB and BC has the area = 
■42 sqr.in. ft BC.is produced to D makiftg CD« B£ then BlD^ 
is the altitude of the triangle on base AB witfc an area 0^42 sqr. 
inches. The problem ft, now, resolved t9 given base, altitude 
and the perimeter (t*se+sum of two sides) of a» triangle to draw 
the triangle which is done by prob. 40. * 


42. On a given straight line to* draw a square. 

Piff 68. + 

Eet AB be the given straight line.» At A on AB erect a 
perpendicular AC equal to AB, With B and C as* centres and 
with^radius AB draw arcs interseeting at 1 ). Join DC and DB. 
Then ABDC is the square. . • 

43. Tb construct a rectangle of given sides. Pig 69^ 
Lej «\C be a long side of the rectangle and B tb^^ngth 

of a short side of it. At A on AC erect a perpendiculavijual to 
B. With D and C as centres and with AC and B respectively 
as radii draw arcs intersecting at E. Join D&and EC. Then 
ACED is the required rectangle. . 

44. To construct a rectangle, the diSgonal undone 
side being given. Pig. 70. 
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Let AE be the diagonal and C one side of the rectangle' 
Describe a semicirck on All. With A as centre and radius 
equal to C draw an arc intersecting the semicii'e'e in D. Join 
all, DB. From A draw AE parallel to DB and from II draw 
BE parallel to AD meeting AE in E. I hen AD 11 E is the re¬ 
quired rectangle. ( 

45. To construct a rhombus"with sides equal to the 

given l ; ne A and'an angle equal to the given angle B. 
Pig. 71. ' * 

Draw a straight line 1 )E equal to A, At I) on DE make the 
angle EDG equal to B. Make DG equal to A. With G and E 
8s centres and with A as radius draw arcs intersecting in F. 
Join GF and FE. Then DEFG is the requir'd rhombus. 

46. To. constemct a rhomboid (parallelogram), the 
diagonal and the two sides being given. Pig. 72. 

Let AB be the diagonal and C and D the two sides. • With 
radiuF C and ctntres A and B describe two arcs. With 
-aijius D and front the same centres intersect the arcs in E and F. 
JouME, EB, I'll and FA. Then AEBF is the required rhont- 
boid?' 

47. On°a given line to construct a rectilineal figure 
similar to a gitfen reotilineal figure Pig. 73. 

Let ABCDE be this given rectilineal figure and FG the 
givJin line. Jam AD and BD dividing ABCDE into 3 triangles. 
On FG make the triangle FHG similar to ABD and on the 
line HG make the triangle HK.G similar to the triangle 
BCD and on the line FH make the triangle HMF similar to 
triangle ADE (Piop. 23, Chap V). Then he figure FCKHM 
is similar to the figure ABCDE and drawn-on the line F'G. 

48. To construct a triangle having given A, B and 
0 the lengths of the three medians. P’g. 74. 

Let A, B and C be the three medians Jllat is lines drawn 
from the veitices r>f a triangle to the mjfidle points of the 
Opposite sides. 

, Draw D E equal to A and produce it to F' slich tnat EF = 
EG=j. VVith F and G as centres and § C and f B as radii 
respectively describe two arcs intersecting at H. - Toin FIE and 
produce it to K making EK= EH. Join pH and DK. Then 
DHK. is tl\e triangle required. ■-*-!. 
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POLYGONS. 

ii <49. To inscribo any regular polygon in a'given circle 
eay a heptagon. Pig-. 75. 

Let ABC be the given circle. Draw/iny diameter of the 
circle as AB. Divide 'he diameter AB into the sane number of 
equal park as the inscribed figure has siues tin this case 7). With 
A and B as centres and AB as radius draw arcs intersecting at D. 
Join D with the 2nd point from one end and produce it tomeetthe 
ci-cle at C. Then the chord AC is a side of the inscribed figure. 
Set it off seven times round the circumference and join the points. 

Note —This method is very near approximation. Jhe 
greatest care must be exercised in dividing t! ,0 line and in draw¬ 
ing the line from D exactly through the point 2. 

50. To’inscribe any regular polygon in a given oircle 
2nd method (a pentagon for example). Pig. 76. 

I it ACD be the given circle and draw a radius BA in if. At 
A draw a tangent to the circle and with A as centre 2 nd AB as 
fa\i'\s draw a semicircle OBj. Divide the semicircle into as 
many,.-qua' parts as the inscribed figure lias sides, in this case 
five. F.om the point A draw lines through each of these divi¬ 
sions till they fleet the circumference of the circle aCD. Join 
these points which will give the required polygon. 

Note .—Semicircle OB 5 gives an arc for trial division instead 
•of the original circle 

51. On a given line to describe a regular polygon 
(general rule). Pig. 77. 

Let AB be the givet? lind. Draw BC a) right angles to AB 
and equal to it. Bisect AB at D. £)raw DO. perpendicular to 
AB. Bisect the right angle ATC by BO meeting DO at 0 . Pro¬ 
duce DO upwards and downwards. Draw the quadrant A 6. C 
cutting DO produced at 6. Bisect O 6 at 5. 'Take the distance 
O 5 and set it off as 67,, 78, 89 Upwards of fi and 43, 32, 21 
downwards from O. 0 

L If a circle is described prith O or 4 aS centre and OB or 'OA 
as radius it will be seen that AB can be set off exactly 4 times 
in tne circumference. If 5 be taken as centre and with 5 A or 
5B as radius a circle is described it wilj be seen thjt AB will .lie 
5 times on the circumference. Similarly if 6 ij used as ceqtre 
and 6B as radius.a hfBagon can be described of side AB, if 7 is 
used as centre and 7 B ns radius a heptagon can be described of 
si 4 e AB so on.’ ‘ 
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2nd Method. Fig. 78.—Let AB be the given line. Draw BK 
at right angles to A B and make it equal Co AB. Draw the quadrant 
AK and divide it info as many “equal paits as there are side's to 
the polygon to be, described on AB (in this case Lie). Join B with 
the ind division from K. Bisect AB at D and draw DC 

perpendicular to AB meeting Bo in C. With C as centre and 
CB or CA as radius draw a circle. From the pqint A mark oif 
. round the circumference the distance AB, a 'side of the polygon. 
AB cars be set off Oxactly five times on the circumference. Join 
the points and the required pentagon will be drawn. 

3rd Method. Fig. 79.—Let AB be the given line. Produce BA 
to C making ACC equal to AB. Draw a semicircle on BC the whole 
line. Divide the semicircle into 5 equal parts i.e., the number of 
sides of the polygon. Join the 2nd divisiotf from C to A as A2. 
Bisect AB and A2 bj lines ON and OM respectively, meeting at O. 
With O as centre and OA or OB as radius describe a circle. 
Set off AB three, times more on the circumference from B. 
It will be, seen that the last point will coincide tjuth 2 The 
^required polygon is obtained by joining the points on the 
cnterjiference. ’ „ 

' -b 2 . On a given line to construct a regular pentagon 
(special method). Fig. 80 . 

Let AB be the given iine. At B draw BC perpendicular to 
AB and equal to it. Bisect AB in 1 ). With D as centre and 
DC as radius .alraw the arc CE meeting AB produced in E. 
With A and B as centres and AE as radius draw arcs intersecting 





35 


* POLYGONS. 

• 

m,F. With A, B aftcf F as centres and radius equal to Ag 
draw arcs intersecting at*H “and K. Join AH, HF, ?K and 
KB. Then ABKFH is thj requited pentagtfti. * • 

53 On a«gjiven line to construct a regular hexagon. 

Fig. 8>. , • 

Let AB be the givdh line. With A and B as centres and 
radius AB draw arcs Intersecting each other at C. With C as 
centre and radius Ag dia*v a circle On the circumference of t 
this circle se{ off the length of the radius ril round f|pm A ; 
the points being joined wffl give the required Jiexagon. 

54 In a give# circle to inscribe a regular heptagon^ 

(special method). Fig. 82 . •* 

Let DEC he the given circle. Draw < any radius AB in it 
and Bisect it in E Through E draw CICI) perpendicular to AB 
meeting the circle iifC and i). Then OE or ED is the length 
of one side of the heptagon to be mscribetf in the»circle. Set 
of£this distance round the circle and join the points to get the 
requited heptagon. ‘ • 

55. On a given line AB to oonsttuct p, regular 
octagon. Fig. 83. . (>r 

At A jind B draw perpendiculars AK and BH I’mcu’ee 
AB to l! and bisect the angle HBE by the line BF^Make 
BF = AB Similarly produce BA and bisect th« outer right 
angle at A by the line AM and make AM=£B. Join MF. 
Make the two perpendiculars AK and BH each equal to MF, 
From the points K, H, F and M as centres ?*id with AB, as 
radius draw arcs intersecting at L and G. Join, ML, LK, KH 
HG, GF. The figure ABFGHKLM is the required octagon. 

• • 
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. The same, 2nd method :—(Fig. ^ 8^.' 

Qn AB draw a f square AJ 5 DC. Draw the diagonal^ ,BC 
ana" AD and produce them upwards tocE and K., Make CE and 
DE e?ch equal t6 AB. Through the points A and F, B and E 
draw lines parallel to" BE and AF .-espectively. Make these 
parallel lines equal to AB and join GE„ LK and FH. Then 
the octagon is completed. •’ 

58.. In a gitwn circle to inscribe a regular nonagon. 
Fig. b5. ■< 

Let ADC be the given circle. Draw Lie diameters AB and 
CD perpendicular to each other. With C as centre, and CE as 
radius draw the arc EF’ cutting the circle in F. With D as 
centre and DF as radius draw an arc FG Gutting AB produced 
in G. With G as j-entre and GC as radius draw the arc CH 
cutting AB\n H. Then HA is a side of the nonagon to be 
inscribed in the circle. Set jt off nine times on the circumference 
and by joining thy points the nonagon is obtained. 

57. In a given circle to inscribe a regular'.undecagon. 
■Kfc. .38. * , 

' Lie A 3 D be the given circle. Draw the two dianleters AB 
and CD at right angles to each other and intersecting in E. With 
D as centre and DE as radius draw an arc EF" cutting the circle 
In F. With B as centre and BE as radius draw an arc cutting 
thf. circle in Gi With "G as centre and GF' as radius draw an 
arc FH cutting the diameter AB in H. Join the chord FH 
Then the chord FH is equal to one side of the undecagon. 
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* 58. In a given cifcltf to inscribe a regular qu/hdecst- 
go«.. Fig. 87. • • • , 

Let ABC |j» the gjlven circle. Inscribe an equilateral 
triangle ABC in the circle. Then the circumference is trisected? 
Inscribe a regular pentagon in the Circle ABC with a vertex at 
A as ADEFG. ThtNpentagon divides the circumference in 
5 equal parts. * Tht^ arc t DB = arc AB—afc AD-( 4 — J.) of 
the circumference = T V circumference. Bisect ghe arc irB in H. * 
Then the chord DM is a sWe of the quindecagon.t 

59. To construct any regular polygon the length 
of the diameter being given (say a pentagon ; Fig. 88. •• 
Let AB be the given diameter. Through B draw a line at 
right angles to AB and make BC = BD on each side of B. On 
CD describe a re|blar pentagon CEMFD. Join BE, BM 
and BE. From A draw AG and AIT parallSI to M£ and MF 
meeting BE and BF in G and H Draw GK and HL parallel to 
EC and FD meeting CD in K and *L. Thun AGKLH is the 
required pentagon. • , * 

60 To*oonstruet any regular polygon, the length of,, 
any diagonal being given. FifJ. 89. 

Let ft be the length of one of the longer diag^nttW Sf a 
regular hexagon. , r 

On any base CB construct a regular hexavon CDEFGB. 
From C draw the diagonals CE, CF and CG. Produce CF 
the longer diagonal to H making CH equal fp A. Produce 
the other diagonals and from H draw HK and ,ITM parallel to 
FE and EG meeting the diagonals CE and CG produced in K and 
M. From K and M (Jraw KL and MN garnllel to ED and GB 
meeting CD and CB produced in L and N riien CLKHMN 
is the r&juird l\ex*gon • * 
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61. .To inscribe an equilateial tiiangle in a given 
square. Fig. 96. ( 

Let ABCD be .he given square. Draw , AC a diagonal of the 
•square. On AC describe an equilateral triangle CEA From 
1 ) a corner of the square within the triangle draw DI* 

• and DG parallel UVEA and EC respectively and meetiiyt the 
sides of the square in F and G. Join OF. 1 ' Then DGF is the 
equilateral triangle. < 

02. To inscribe an equilateral triangle in a given 
pentagon. Fig. .91. • 

Uet AJiI) EC be the given pentagon. Through E draw FG 
parallel to AB. With E as .centre and with any radius draw 
a s^trvgircle FHKG. From F and G as centres and with the 
same''radius intersect the semicircle in H and K. Join EH 
and EK and c produce them to meet the sides CA utid DB in L 
and M. Join L'M. Then ELM is the equilateral triangle 

63. To describe aa equilateral triangle about a given 
sqLare. Fig „“ 92. 

Lef ABCD be the given square. On CD the top line of 
the square draw an equilateral triangle CED. Produce EC and 
ED to meet AB produced in F and G, Then EFG is the 
equilateral triangle. , L < 
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64. In a given triamgle to inscribe a square. Fig. 935 
*L*etABC be the triaggle. ‘Draw AE perpendicular to* BC 
the base. Dra»* AD at right angles to AE ptnd equal to it. 
Join BD butting AC in ^G. From G draw GK parallel ft AE* 
meeting BC in K an<^GF parallel *to BC meeting AB in F. 
£>raw FH parallel to m 5 . Then FGKH is tl;e required squire. 

Note :—The method ot* construction of problems 6t and 64 is • 
similar. It ts'by the locus points of similar figtires. In fij>93 the 
smallest square may be imagined to be in the corner 1? and the biggest 
square is on the line Alfso that by joining B and D tlfe locus of a corner 
of the square is found which intersecting the side AC gives the positiott* 
of one corner of the square to be inscribed in thy triangle. 

6fc In a givei^triangle to inscribe a rectangle having 
one of its sides equal to a given line. Fig. 94. 

, Let ABC be the given triangle and K the given Jtne. 

Eiom B along the base BC of the triangle ABC measure 
BD equal to K. Draw DE parallel to BA» meeting A€ in 
E. From EPraw EG parallel to BC. From G and ItTdraw GH 
and EF [perpendicular to BC. Then GEFH is the rdqnbtJU*' 
rectangle? • —»' -* 

66. To inscribe an isosceles triangle in a given square 
having a base equal to a given line Fig. 9jf>. 

Let ABCD be the given square and E the given base. Draw 
AC the diagonal of the square and on AC s« off AF eqial 
to E. Draw FG parallel to AB and GH parallel'to AO. Join 
DH and DG. Then DHG js the required isosceles triangle. 

• > 
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67. ' To inscribe a square in a given quadrilateral 
figure which has it? adjacent pairs of sides equal. Fig. 96. 

Let ABCD • be the given quadrilateral. 1 Draw the two 
diagonals AC and BD< From the extremity D of the diagonal 
BD draw DE at right angles to DB and eoyal to it. Join AE 
cutting DC in F. Draw FG parallel to AC meeting AD in G. 
From th&points F and G draw FK '-and Gil parallel to DB 
meeting the sides to K and H. Joip HK. Then FGHK is 
the required figurei The construction if similar to that of 
problem 62. 

68. To inscribe a square in a sector. Fig. 97. 

Let ABC be the sector. Join BC the* chord. Draw CD 
at right angles to C ’5 and equal to it. Join DA cutting the 
arc BC in E. Draw EF parallel to BC meeting the arc in F. 
Draw FG and EH at right angles to FE from the points F .'■nd E 
meetiog the sides in G and H. Join GH. Then EFGH is 
^the require'd square. 

’ tiij, To inscribe a square in a segment. Fig. .98, 

Let AFF.B be a segment of a circle. Draw BC at right 
angles to AB aj>d equal to it. Bisect AB at D. Join CD 
cutting the arc in E. Draw EF parallel to AB meeting the arc 
in F. From E.nnd F draw EI 1 and FG parallel to BC meeting 
AB in H and fx Then EFGH is the square. 
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* 70. To inscribe a square within another.equSre hew¬ 
ing a side equal to a given length. Jjig. 99. • 

Let ABCfJ be the given square and B the given lengtjj. 
Make CF equal to E., Bisect pF in G. Draw GH parallel 
to DA meeting the diagonal DB in H. With 0 as centre and 
’OH as radius «iraw a circle cutting the sides of the square in K, 
L, M and N. Joirf XLIBN, which is the required squ»re. t 
* * • 

71. To inscribe a Square in another, square one corner 
of the inscribed figure to be in a given pomt. Pig 100. 

• • 

Let ABCI) be the given square and P a given point in 
AD, Draw AC, BD the diagonals interseJting in O. With O 
as centre and radii* OP describe a circle cutting the sides of 
the square in 8 points. Join every third jaoint from P and the 
fiquare PQRS is obtained. 

72 To inscribe a regular hexagon* in an equilateral 
triangle. jFig. 101. ’ . 

Let Jt’DE be the equilateral’ triangle. Bisect each angle; of 
the triabgle by the lines FK, DC and EA inters^ttWg th 0 . 
With O as gentre and OF as radius describe a circle ciftting the 
bisectors in B, C and A. Join AB, BC, CA cutting the sides 
of FDE in H, K L, M, N, and G Join Hk LM and NG. 
The figure GNMLKH is the hexagon. * , # 


• • 



CHAPTER VIII. 

'CONSTRUCTION OF ANGLES AND PROTRACTORS. 

Plane angles are obtained by the revolpRbn of a straight line 
from a fixed straight line about a point where ‘the two lines 
meet. It is measutq^ first by dividing a complete revolution or 
the circle described by the revolving lir 3 into 4 equal parts by 
drawing two diameters in the circle at right ?ngles to each other. 
E-ch portion is called a right angle which is a quadrant of the 
circle. The unit of angular measurement is obtained by dividing 
a right angle into 90 equal parts. Each part is called a deg ee. 
A degree is subdivided into 60 equal parts'fcalled minutes and 
a minute is mbuivided into 60 equal parts called a second. 

Instead of dividing a right angle into 90 equal parts which 
in cirqlgs up to 4 inches raduis is almost impracticable on paper 
a degree can be obtained in the following way. 

T ^St^ake a straight line AE say 4 inches iong. Draw a 
semiclrtU c ~ AB and let C be the centre of the circle.' Draw 
CD perpendicular to AB. Trisect the angle DCB lay CE and 
CF. Then each-of the small angles is 30T Trisect the angle 
ECB or 6o° by the method given below applicable to all acute 
angles. (Fig 102) 


D 



‘ Trisecting an acute angle ECB .'—Join EB the chord and 
draw EGB a semicircle on EB. Produce CF, the‘bisector pf 
the angle, to bisect the semicircle in G. Join EG, take FN it) 
FC equal to EG. "Trisect the semicircle EGB in H and K. Join 
NIJ and NK .intersecting the arc Ed in L and M respectively. 
Join CD and CM which trisect the angle IiCE. Therefore 
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z’BCM is 20° But zSCK= 30°. Therefore ZBCM*ZB(?F 
-“Z*BCM = 3o°—2o°=io°. M /_ FCM i» bisected an anfle of 
5° will be obttified. An angle of 6° can bp obtained thus : 
Divide fhe right angle ACD on the lef^ into 5 equal parts 
Prob. 19. Fig 45. * 

' Then eaijh partes 18°. Divide the quadrant into 3 fequal 
parts then each part is, 30 0 as ZACP. If this angje be sub- , 
traded fro* the twice 18 0 divisions as Z*\Cb the difference 
Zpcb is 36°—30° = 6“ * , • 

If half of the* e. FCM be subtracted from Zpcb i° i§ 
obtained. Fig. 102. 

t The interior angles and sides of regftlar polygons The 
interior angle of ajregular polygon is found by dividing 360° by 
the number of sides of the polygon which gives the angle at the 
cpntre subtended by a side of tile polygon and subtracting this 
angle,at the cantre from 180 0 . • 

When the interior angle of a regular polygon is gi\*n the 
number of sides of the polygon is found by dividing 3V10 0 by the^ 


difference of the 

interior angle from 

So 0 . This difference 

the angle at the centre. 

"' 

Nanfe of 

Angles subtended 

Interior 

polygons 

at the centre. 

• angles. 

Triangle 

-1J-" = r 20 0 ; 

. 18o°-r 20” = bo 0 

Square 

s J-'i = 9 o° ; 

i<V-qo u = 9o'* 

Pentagon 

mo _ . 

‘ 3 ' “ / 2 • 

lSo 0 -72 0 =To8 0 

Hexagon 

... IS- = 60° ; 

180-60°= 120° 

Heptagon 

... • A.r= 5 *^; 

* 180-51’ iz8j- 

Octagon 

.... AT- 45 °; 

.. )«o 0 - 45 o -i 35 ° 

Nonagon ’ 

... . "=40'*; 

i8o°-40°= 140 0 

• Decagon 

• •• . Vtf= 36 °; 

i8o°-36°=. 144 0 

Undecagoti 

Vr°-l*TfJ 

• 8 °°- 3 2 tt” i 47 tt 

Duodecagon 

. i8o 0 -3o°= 150 0 . 


• A protracjor is'an Instrument ^ifjd for Measuring or setting 
off Sngles k It i^ either eircular, semicircular or more com¬ 
monly rectangular in shape. A^ariety of scales are drawrf on 
bo^i sides of the rectangular protractor which are very convenient. 
Ci*cular» pfotrattors are usually made of Card boards about 
i.foqt to*?5 inches in dijmeter and the circumference is divided 
into degrees,, hall'degrees*and quarter* degrees i. e.„ up to 15 
minutes. Thj?*prQtractor II very convenient fol % plotting tfie 
• bearings of a furvej. 
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Senn'circular protractors are usually made of b rass and the a'.c 
is divided into degrees ,pnly. It i\ found in cheap drawing boxes 
and figure 103 is a sketch of it. Point C is the centre of the circle 
fram which the radiating lines are drawn and AB is the diameter. 
Fig. 103. 

The most common protractor is of rcp-'-fibgular form 6 " long 
and i-l" wide and is shown in fig v 104, Tht degrees are 
’numbered' in the primary divisions equal to 10“ each in the 
middle piace from left to right and marked by lines drawn 
through the 3 spaces. Each of these" primary divistons 
iiCagain subdivided into 10 secondary divisions of a degree each 
and marked on the outer space by radial lines. The primary 
division of to degrees are again written from right to left' on 
the 3rd space so that the protractor may be usid from either end. 
The protract'"' - is used 1 by placing the edge AB to coincide with 
the line on which the angle is to be drawn and the middle poim 
C against the point in the line from which the angle is to 'otart. 
If the angle is less than 180° the protractor is placed either 
~hqve of on the right of the line as the line is situated with re¬ 
ference to^ the paper and the required angle marked , rnd if the 
angle is pver 180 0 it is placed below or on the left of the line 
and the difference of iSo Q from the angle is laid out. In mark¬ 
ing the divisions on the paper care should be taken to hold the 
pencil or needle point quite close to the edge of the protractor. 

Scale of chords;— 

The most convenient way to take off angles is by the pro¬ 
tractor but there is another way of measuring angles more ac¬ 
curately, known as the scale of chords (fig. roj). It is found on 
one or both faces.of rectangular protractors marked as CHO. 

Construction of scale of chords ;—Drajv a line AB and bisect 
it at C. Draw CD perpendicular to AB. With C as centre and 
any assumed radius as CB draw a semicircle ADB.. Divide the 
quadrant BCD into 9 equal parts .. e, each part is equal to io°= 
a primary division on the protractor. Number these divisions 
from B to D as i, 2, 3, 4, 5. 6, 7 and 8. With B as centre and 
Bi, B2, B3, B4 B$ &c to fib as radr describe arcs to intellect 
AB In nine points. It will be seen that the arc with B6 as radius 
Will pass through C the centre Draw another line below AB 
and parallel to it and from the points of division bfl /he li/ie 
AB draw lines perpendicular to it and complete the scale. The 
divisions are marked as m°, 20 0 , to 90° from B towards A. The 
spaces are all unequal and they gradually decrease in length 
from the first to the last. Divide each of these io° divisions 
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into to equal parts for the approximatin'of chords for inter¬ 
mediate angles. The radii used in Qivi'Jing AB are the chords 
of the different arcs of' io°, 2o°, &c. consequently the scale'th'hs 
obtained is called.the scale of chords. Fig. io^ The scale of 
cnords may similarly be constructed for laying out dngles ex¬ 
pressed in grades by dividing the right anjje or the quadrant 
into io equal pans instead of g. ^ 4 

1 The use of sca^e of chords in setting off angles in degrees:— 
Example!': — To draw an angle of 37°and ,: ' an angle of 125°. Fig. 
io 5 . Draw a straight line as EE. With F. as centre and the 
length from 0 to Co° on the scale of chords as radius draw the 
arc FH. Then take the distance o° to 37 0 from the scale and 
set it off on the arc FH from K to II. join EH. Then Z.FEH 
is 37 0 . _ 

The scale of chords show only chords up to 90 0 . To lay 
off 125 0 subtract it from 180? and the remainder..55° is ;,o be 
set off-from the left in the same way as 37 0 is laid on the right. 
Then the suppliment FEL is 125°. 

■D^'.dlv there are two scale of chords on a 6"" i"ory or 
wooden .rectangular protractor one of 3" radius is put below the 
protractor side and the other of 2" radius is placed bn the right 
hand top of the scale side. 
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CHASTER IX. 

. I 

CIRCLES AND 0,1 WILES TOUCHING 1 II 0 HT VINES 

AND CIRCLES. , * 

• » 

73. .Pind'the centre of a given circle." (Pig. 1Q7) 

Construction, (i) DAw a chord in the circle as AB. Bisect it 
•by a line CD drawn bright angles to the chord and terminated 
by the circumference. Il^is a diameter of the circle^the pointy 
which bisects this line is the centre. % 

Construction. (2) Dfaw any two chords of the circle AB and 
EF. Bisect the choris and draw lines at right angles. The point 
where these lines intersect is the centre of the circle. (Fig. 10 f), 

74. To draw radial lines from points on a given arc, 
thefcentre of the jircle being inaccessible. (Fig. 108) 

Let A B C be the three points on a g^en arc whose centre 
is not known. With centres A, B and C and with Sny conveni¬ 
ent radius drajv arcs cutting the gi,ven arc cn each side of the 
given‘points as g, h on two sides of A, k, 1 oh ^wo sides of £ etc. 
With g, h 3J5 centres and with any length as radius draw arcs „ 
intersecting at 1 ). Join AD and' produce, it will pass througu 
the cenvdof the given circle. Similarly with k and l ..» * -c(*itres 
draw arcs intersecting in E. Join BE which produccd»will cut 
the tine AD’produced at the centre of the circle, 

75. To inscribe a circle in a given triangle. (Pig. 109) 

Bisect any two angles of the triangle as ^BC and A^CB 

by BO and CO which meet at O. Then O is the centra of the 
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circle. From O draw OD perpendicular to BC. With O as 
centre and radius OD if a circle is drawn it will touch the 
three sides of the triangle. ' * ' 

76. To draw an escribed circle tangential to one side 
of the triangle and the other two aides produoed. (Fig. 
110 ). 

Let ABC be the triangle. Produce <ne two sides AB and 
AC to D and E. Bisect the angles DPC and BCE by BO and 
CO meeting in O. i-Draw OF perpendicular to BC- With 0 as 
centre and OF as radius draw a circle Which will touch BC, BD 
and CE. ' 

77. To describe a circle about a given triangle. (Fig 

111 .) 

Let ABC be the triangle. Bisect any tv;o sides as AB and 
AC at D and E. Draw DO and EO perpendiculars to AB and 
AC meeting’at O. Then O is the centre of the circle. Join OA, 
'OB, and OC which are all equal and which are the radii qf the 
circlai With 0 a? centre and OA or OB or OC as radius draw 
a circle which will pass through the three corners of the triangle. 
^ 78. To inscribe a circle in a givea quadrilateral which 

has'itfrisdjacent pairs of sides equal. (Fig. 112.) '' 

Let'ABCD be the given quadrilateral with the adjacent pairs 
of sides equal. ■ 

Draw one diagonal AC. Bisect one of the opposite angles 
as ABC by B 1 J meeting AC in E. From E draw a perpendi¬ 
cular to any one of the sides as EF on AD. With E as centre 
and EF as radius draw a circle which will touch the four sides of 
the quadrilateral. r 
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*79. To draw a tasgeot to a given circle, .(a) from* 
point* in the circumference, (b) fron^ a given external 
point. Fig. 113- » 

(<r) Let A 1 ?E be a circle and E a poioj in tlie circumfe»ence.* 
Mark C the centre of the circle. Join CE. At E on CE erect 
a perpendicular as EG% Then EC touches the circle at E. * 

(b) Let B*be a# external point. Join 5 C. On BC draw 
a semi-circle t CAB cutting the circumference in A. Jojp AB. 
Then BA is a tangent to the circle. » 

80 To draw atangent to the arc of a circle at a givet^. 
point in the circumference when the centre is inaccessi¬ 
ble. Fig. 114. , 

Let ADB be an^rc of a circle. B a point in it. Draw BA 
any chord of the arc. Bisect it at right anglgs by CD meeting 
the arc in 1 ). Join BD. At B make the angle DIJE equal to 
DSC. Then Ilji is a tangent to the .circle. 

81. To draw a tangent to an arc froina given ester- 
nal point when the centre is inaccessible. Fig. 1'15. 

Let A be the given external point and BEC the arc. Draw 
any line ACB through A cutting the arc in C and B.'“T 7 h *AB 
draw a semi-ojrcle ADB and from C draw CD perpendicular to 
AB meeting the semi-circle in D. With A as centre and AD 
as radius draw an arc cutting the given arc BEC in E. Join AE. 
Then AE is a tangent to the given arc from the given point A., 
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82. To draw a common tangent to two unequal 
circles in the same direction, (or an external tangent). 
Fig. 116. 

Let A and B be^he centres of the two circfes. Join A and 
B. From A the centre of the greater circle and with a radius 
equA to the difference of the radii of the t*.o circles (AD = AC— 
DC but DC = BE) craw a circle DPR. Bisect ,'iB in F and on 
AB drtiw a semi-cjrcle meeting DPR in I). Join AD and pro¬ 
duce it to mee. the outer circle in C -• Draw BE parallel to AC 
meeting the smaller circle in E. Join 'IE which will be a 
tangent to the two unequal circles. 

83. To draw a common tangent to two unequal cir- 
oles in the opposite directions (or an interior tangent). 
Fig. 117. 

Let A-and B be the centres of the two unequal circles. 
Join AB. From B the ceqtre of the larger circle measure BH 
equrl to the sum,of the radii of the two circles. With B as centre 
and BH as radius draw a circle HC ; on AB describe a semi¬ 
circle cutting the circle HC in C Join BC cutting the circum- 
fer*ntuirt f the larger circle in I). Draw AE par.-.lH to BC 
meeting the circumference in E. Join ED which is the 
interior tangent. 11 

84. To draw a common tangent to two equal circles, 
ip the opposite directions. Fig. 118. 

Let A and JB be the centres of the two equal circles ; join AB 
and bisect it in C. On AC draw a serr.i-circle cutting the circle 
A in D. Join AD. Draw BE parallel to AD and in the oppo¬ 
site direction of AD. Join L)E which will pass through the 
bisection point C ahd will be an interior tangent. ' 

85. To describe a circle of a given radius to touch 
two converging straight lines Figs. 11,9. and 120. 

(a) Let AB, BC be the ovo converging lines. If the two 
lines -meet^rt B then bisect the angle ABC by BE ; draw FH 
parallel to AB and at a distance equal to thn given radius R. FH 
intersects BE in E which is the centre of the circle. F.'Orri E 
dfaw EK perpendicular to AB Whith E as centre and EK as 
radius draw a circle which will touch AB and BC, Fig. 129^ " 

(b) If AB and bC do not meet, draw FH add iiG parallel to 
AB and bC respectively at the same distance R the given radius. 
The two lines intersect at E which is the centre of the circle. 
This consfuction is applicable to c 5 se (a) also."Fig 120. 
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p8. To describe a circle t6 touch two converging 
lines and passing'through a given point Pwithiothe 
angle. Fig. 121. 

Let BAG be the given tpigle and P a point within it. Bisect 
the jngle BAG by AE. Centres of all circles within the angle 
and touching the t">o lines lie on AE. ‘l'ake a point I) in AE 
and draw DF perpendicular to CA. With "D as centre and DF 
as radius draw a elide which will touch AB and AC. Join AP cut¬ 
ting the arc of the circle centre D at G. Join DG. Draw l’H parallel 
fo DO meeting AE in H. From H draw HB perpendicular to 
BA. Then H is the centre and HB is the radius of the circle 
which will touch tlid two lines and pass through P. 

87. To describe a circle to touo’' two converging 
lines and touching one in a given point P. Fig. 122. 

Let AB and CD be the two converging lines. Find EF the 
bisector of the angle made by AB and CD by fig. 41, ch. iv. 
P is a point in DC. From P draw PF perpendicular to DC 
meeting the bisecting line EIQin F. Then F is the' centre of the 
Circle and FP is the radius. 

‘ r 'i k 

88 To draws circle to pass through two given points 
P and Q and to touch a given straight line AP. Figs. 123 
and 124. 

(a) Let P and Q be the two given points and AB a given 
line not parallel to the line PQ. Join PQ and produce it to 
meet AB produced in D. Bisect PQ in C. 

With C as centre and CD as radius draw an arc of a circle. 
From P draw PF perpendicular 'to PD to meet the arc 
in F. lake DF = PF. From C and'E draw perpendiculars to 
QP and AB to meet at 0 . Then with O as ‘centre and OE as 
radius draw a circle QPE which will pass through the two points 
Q and P and touch AB in E. Fig. 123. 

(/>) If AB be parallel to -the line ?Q then join PQ and 
bisect-it at J). From I) draw DC perpendicular to QP meeting 
•AB in C. Join QC Bisgct QC at right angles by EO meeting 
DC in 0 . Then O is the Centre and OC or OQ is the radius of ■ 
ol the circle. Fig. 124. 

89. To describe a oircte of any given radius to touch 
a line and pass through a given point P. Vig. 125. ' 

Let AB be„the given line. R the given raoius ,And P the 
given point. Draw CD parallel to lB a(,a uistaoce R. Witli P 
Sts centre radius R'draw an art cutting CB in 0 . Then O 
is {he'centre of the circle and R the radius. 1 <" 
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90., To describe a succession of three circles touching 
two converging lines and each other. Pig. 126. t „ 

Let BAC be two converging lines. Bisect. the angle BAC 
ty AO. Take a'ny point E in AD and draw Ek perpendicular 
to AC. With E as centre a.id EF;as radius draw a circle cut¬ 
ting . bisecting line AD in G and H. ..Through G and H 
draw lines perpendicular to AD meeting AB jtid AC in L N and 
' K M. Bisect the a angle AKL by KQ meeting AD in Q. From 
Q dratf' QR perpendicular to AB, Then Q is the centre and 
QR is the radius of a circle which will tou.ch the two lines and 
the circle. Similarly bisect the angle NMC by MP and draw 
PS perpendicular to , AB. Then P is the centre and PS is the 
radius of the 3rd circle. 

2nd method .— 

With L‘ as centre and LG as radius draw an arc cutting AB 
in R. From R draw RQ perpendicular to AB meeting AD in 
Q. (.Then Q is the'centre of one circle. 

Similarly with N as centre and NH as radius draw an arc 
' cutting’AB in S. From S draw SP perpendicular to AB. Then 
P is thcTj'jd centre. 1 • 

91. ' To describe a circle of a given radius ,.to touch a 
given straight line and a given circle. Pig. 127. 

Let R be the given radius, AB the given straight line 
and F’G the gitten circle. This circle can not be at a distance 
of more than 2'R from AB. 

Draw CD parallel to AB at distance R the given radius. 
Take O as the centre of 6 the given circle. ..With O as centre and 
radius equal to the sum of the radii of the. two circles (i. e. R 
and OF, the radius of the grvep circle) draw ah arc intersecting 
CD in E. Then E is the centre and R the radius of the required 
circle. 

92. To describe p, circle to touch a’given line AB and 
a given oircle centre 0 in a point P. Pig. 128. 

" Join CP and producf i^. Thrpugh' 1 P "draw, a tanged! to 
the circle meeting AB in D. Bisect the aqgle I’D A b/ DE 
meeting CP produced in E. T,hen E is the centre of the circle 
And EP is the radius of the circle to describe^, 

93. To describe a oircle to touob a given circle 0 And 
a given line AB in a point P. Pig. 129-" x 

Through C centre *qf cirile C jfrvd P draw lines CD and 
PG perpendiculars to AB. Produce DC to rne^t the circutrf 
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ference of the circle in E. Join PE cutting the circle C i» F. 
Join CF and produce it to meet PG in G. Then G is Jhe 
centre and GP is the radius of the circ’e required. 

■» 94. To describe a circle of a given radius tangential 

to two given unequal circles (a) internally (b) externally 
Figs. 130 and 131. ^ 

(a) Let A avid B be two unequal circles whose centres 
are A a(/d B. Let R be a given radius. Join AB cutting the 
circles' A and l's in C and 1 ) respectively. Produce AB both 
ways and take CF and DE each equal to R on the outside of 
«C and D. With A as centre and AF as radius draw an arc and 
with B as centre and BE as radius diaw another arc intersecting 
he first in O. Then O is the centre and R is the radius and 
a circle is drawn it will touch A and B and include them. 

Fig. i 3 °- 

(/>) Take CF and DE each equal to R on the inside of 
C jtnd D and follow the direction as given in t a). In this case 
the circle, drawn from O with radius R will tquch the two 
•- given circles externally. Fig. 131. 

'1 96 i.m-.To describe a circle tangential to and including 
two g ; ven unequal circles and touching one of them in a 
given point C. Fig. 132. 

Let A and B be the given circles and C a point in B, the 
larger circle. Let A ard B be the centres of the two circles. 
Join CB. Frim C measure CD in CB equal to the radius of the 
smaller circle. Join AD. At Ain AD make the angle DAE 
equal to the angle ADB meeting CB produced in F. Then 
with F as centre and FC as radius dr?w a circle which will touch 
A and touch B in C and include them. 

96. To draw a circle tangential to two given unequal 
circles externally and touching one of them in a point 0 
Fig. 133. 

Find A and B the centre? of the circles. Let C be a point 
in the'circumference of the larger circle. Jbin CA. Cut off CD 
from CA equal to the ,radius of the smaller cjrcle. Join DB. 
At B in BD make an angle DBO equal to BpC. Produce DC 
■ to' meet BO in O. With 0 as centre and radius OC draw a 
'circle which will touch the other circles. 

97. To inscribe three equal circles in a givea equila¬ 

teral triahgle, each oircle to touch the othor two aa well as 
two sided of the givea triangle. -Fig. 134. , 

Let ABC be the equilateral triangle. Bisect each of the 
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angles A B and C by AD, BH and CL respectively. Bisect 
the angle ADB by DE meeting BH in E Then E is the 
centre of one circle. Take CG and AF eaclv equal to BE. 
Then G and F -are the remaining two centres. " From E draw 
EK perpendicular to BC. .Then EK. is the radius of each 
circle. 

98. To inscrib'd three equal circles in ah equilateral 

triangle,'each touching one side and two circles. Pig. 
135. c 

Bisect the thre'e angles A, B and C of the triangle ABC by 
AD, BE and CF meeting one another in O. Bisect the angle 
OBC by the line BG meeting OI) in g. With g as centre and gD 
as radius draw a circle. With 0 as centre and Og as radius 
draw a circle intersecting OF and OE in k and h respectively. 
Then h and !• are ceiLres of the other two circles. 

99, In a given circle to draw three or more equal 
circles touching each other. Pig. 130. 

Find the centre C of the circle. Divide the circumference 
Anto 3 equal parts or as many equal parts as the number of circles 
to b’inia'lhed. Draw the three radii CA, CD and CB 1 dividing 
the circle-into 3 equal parts. Bisect the angle ACD by CE 
meeting the circD in E. Through E draw a tangent till it meets 
the line CA and CD produced in F and G. Bisect the angle 
CFE by FK to meet GE in K. With C as centre and CK as 
radius draw a cYrcle cutting the bisectors of the angles ACB and 
BCD in L and M respectively. With K, L, and M as centres 
and radius equal to KE draw three circles which will touch each 
other and the outer circlb. 
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• 100. To inscribe witjhin any regular polygon i^s majiy 
semicircles as the ffgure has sides, each touching one 
sfde’and having their (hamtftera adjacent. Pig. 137. * 

Let, ABODE be the given regular pentagon. Bisect tlje , 
angles A, B, C, D, E by 4 F, BG, GH, D!C and EL - cutting one 
another at O. Bisect the angle AF 1 ) by Fi meeting OQ in I. 
This point t gives us a point of the inner psntagon on which the 
semicircles are to be descrtbed. From point i draw i2*parallel to* 
DE,meeting* OE in 2. iComplete the penta^ory 12345 ,‘describe 
semi-circles on i2 l0 23, 34, 45 and 51. Thgy will touch the 
sides IDE, EA, AB, BC and CD. • 

101. To inscribe within any regular polygon as many 
semicircles as the figure has sides, each touching two 
sides and having«*bheir diameters adjacent. Pig. 138 

Let ABCDE be a regular polygon (inDiis cast*a pentagon.) 
Bisect each of the angles A, B, C, D, E of the polygon by lines 
AF, BG, CH,*DK and EL intersedting one. another in O, the 
centre of the pentagon and meeting the opposite siptes in*F, G, 
H, K. and L Join FG, GH, HK, KL, and LF. Op one c'"' 
these jjnes say KH draw a semi-circle KMH. Let N Ije the 
middle point of EH the base of the semi-circle. Frogn N draw 
NM perpettiicular to AE meeting the semi-circle m M, Join MO 
cutting the side AE in R. From R draw 1 RP parallel to 
MN meeting AO in 1\ Through I{ draw a straight line 1 P 2 

• • 





60 


GEOMETRICAL DRAWING. 


parallel to KH meeting OK and Oh in r and 2. similarly from’ 
2 draw '23 parallel to KG, from 3 draw 34 parallel to GF &c. 
On 1?, '23, 34 &c. draw semi-circles which will touch the-two 
sides of the polygon and have adjacent diameters'. 

The inscribed figure is a .foiled figure required in tracery 
works. These foiled figures have adjacepr diameters. There 
are foiled figures with tangential arcs, a case of which is shown 
in the next.problem. 

1021 To construct a foiled flguce about any regular 
polygon, having tangential arcs say a square, Fig. 139 

' Let A BCD be a square. Bisect one side AB in K. With 
A, B, C, and D as centres and radius AE draw the 4 arcs up to 
the sides of the square. 

It will be seen th f at a side of the polygon’is equal to double 
the radius of one foil. 

103. To draw a Gothic trefoil of i" radios. Fig. 14o 

Draw an equilateral triangle A BC of side 1" Draw the tre- 
; 'nils with A, B and C as centrej and i the sides as ladii. The 
outer^circles are drawn frorr. the centre of the triangle ABC. 
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AREAS A-KD DIVISION OP AREAS. ' 

104. T<» draw' a square equal in area to a • rect¬ 
angle. Pig. 141. . , ’ , , 

Let AI’CD be a rectangle. Produce All to F making BF 
equal to BC. On the whole line AF drav; a 'semi-circle AEF. 
Produce BC to I? meeting the semi-circle ‘ in E. Then tjie 
square on HE is equal m area to the rectangle ABCD. 

.105, To draw a square equal in’area to a triangle. 
Pig. 142 a 

Let ABC be a triangle. From one Vertex A, draw a per¬ 
pendicular AO to the opposite side BC. Bisect AD in E. Com- 
plete»the rectangle BF on BC with the height DE. Then the 
rectangle BF is equal in area to the triangle ABC. Then fttid the 
side of the'square equal in area ( to this rectangle by problem nv 
The square will be equal in area to the triangle. 

106. To draw a rectangle on a given straight line 
equal in fft-ea to f 1) a given rectangle (2) a given square. 
Figs. 143 and 144. ! 

(i) Let EF be the given straight line and ABCD be the 
given rectangle. • • 

Find the fourth proportional to EF, BC and AB. Produce 
EF to G making FG -*BC. Take a line KK at any angle 
with EF and mak£ EK equal to AB. Join FK, Produce 
EK »and frorrA G" draw GL parallel , to FK meeting EK 
produced in L. Theft HL is thi? fourth proportional i.e. EF :FG 
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:: EK:KL*or EF:BC:':AB:KL Draw EP‘ perpendicular to EF 
an'd equal to KL. Complete the rectangle PF which is equal 
to the rectangle ABCD. Fig. 143. 

, (2) Let ABCD be the given square and EF the given 

straight line. - 

Find the third propotional to EF and AB which will be 
EK the other side o'! the rectangle on EF. Tate EG at any 
‘hngle with‘EF and piake it equal to AB. Take EM in EF equal 
to AB. Join FG. * From M draw MH parallel to F’G. Then EH 
is the 3rd proportional ie., EF:EG: :EM:EH and as EG and 
EM are both equal to AB EF:AB: :AB:EH. 

Draw EK perpendicular to EF equal to EH and com¬ 
plete the rectangle KF. F'ig 144. 

107. To draw f square equal to the difference of the 
squares on Two lines. Fig. 14d. 

Let D and E be the two given lines. Draw a line AB “qual 
to D aad on AB describe a semi-circle. With B as centre and 
the line E as radius intersect the semi-circle in C. Join AC and 
BC. Then the square on AC=AB 4 —BC 4 ie.. D 4 — EC 

108, *“ To construct a square equal in area to the 
sum of tnree given squares. Fig. 147. 

Let AB, BC and CD each be one side of the there given 
squares. Place AB and BC at right angles at B and join AC. 
Draw CD perpendicular to AC and join AD. Then the square 
on AD is equal to AB 4 + BC 4 + CD 4 . 
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■ 109. To draw a polygon or a circle double ot 9 given 
sjmilar ploygon or a given circle. Fig. 147. * 

Let AB t* one side of a given polygon or a radius'of a 
given circle. Draw AC at right angles to AB *and equal,to it. 
Join BC. Then a pohigon described oft BC and similar to the 
polygon on AB will h^ve its area double of the polygon on.AB; 
or a circle witll radius BC will be double of the circle with radius 
AB * 

* « 

110. To construct an equilateral triangle equal in 
area to a square or another triangle. B’ig,. 148. 

Let ABCD he the given square or let FAB be the giv(?h 
triangle. Convert the square to a triangle of the same area 
retaining for it the fyrse AB by producing AD to E making DE 
equal to AD and joining BE. 

On AB one side of the original triangle FAB*or the equi¬ 
valent triangle*EAB draw an equilateral triangle AGB. Produce 
GB one side of the equilateral triangle till it, meets a parallel 
through Kfcr F the vertex opposite to the base AB al H. Draw 
a semi-circle on the line GIL From B draw BL at right" angles 
to Gbf to meet the semi-circie in L. On BI. construCt BKL an 
equilateral tjiangle whose area is equal to the squgre AUCD or 
the triangle FAB. > 
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111. Ora given base to draw a triangle equal in area 
to another given triangle. Pigs. 149 and 150. 

ist method. Fig. 149. Let EF be the given qase and ACB 
be the given triangle. Draw CD the altitude of the given triangle 
ACB. Find the fourth proportional to the lines EF, AB and CD. 
EG iS drawn equal to AB at any angle to EF. In EF measure 
EH = CD. Join FG and from H dnw HK, parallel to F'G. 
Then F.K is the faurth proportional. From L any point in EF 
draw LM perpendicular to EF and equal to EIv. Join ME and 
MF. Then EM if is the required triangle. 

and method. Fig. 150. Let ABC be the given triangle 
and D the given base?. On BC set off BE equal to D. loin 
AE. From C draw CG parallel to AE tc meet BA produced 
in G. Join EG. Then the triangle BEG is equal in area 
to the triangle ABC and is on the line BE equal to 1). 

112. To construct a rectangle of a given perimeter 
and aqual in area to a given square. Pig. 151. 

•f Let A be one side of the square and BC be half of the 
given perimeter. On BC draw a semi-circle. At B draw BE 
at right angles to BC and equal to A. Through E draw ED 
parallel to BO meeting the semi- circle in D. From D draw DF 
perpendicular tu BC. In FD make FH-FB and complete the 
rectangle FHGC. The rectangle FG is equal to the square on 
FD=BE=A and its perimeter is double of BC. 
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• 113. To construct a trapezium similar to a. given 
trapezium but having! half its area. Pig. 152* , 

Let ABCCb be the* given trapezium. Bisect DC one side 
of the trapezium at P and draw PE perpendicular to it. .MakiJ 
I’E =• PC or PD. Join CE» With Oas centre and Cli as radius 
draw an arc EE meeting CD in K. Join AC a diagonal of the 
trapezium I'rotn F ijraw KG parallel to AD tneeting AC in G. 
From G draw GIT parallel to AD meeting BC in H. Then 
ECHO is a t’rapezium similar to DCBA and is iir*lf its areL 

114. To construct a triangle equal ih area to anv 
irregular polygon. Pxg. 153, ' 

Rule :—Take one side of the polygon as a base or starting 
line ’and pioduce itboth ways. Number the corners of the poly¬ 
gon as i, 2, 3, 4 &c irom one of the corners,on this line. Join 
i with 3 and draw a line parallel to 13 through 2 to n!bet the base 
in a. loin 3 wijh a; the polygon is qpw reduced by one side or 
angle’keeping the same area, Join a with 1 corner 4 and.ilraw 
a line parallel to a 4 through 3 cutting the base prodaced in b. 
Join I) with 4. The polygon is aow reduced by 2 sides. * Simi¬ 
larly reiiuie the corners of tile polygon from the other e>~d of *the 
basee till a triangle is obtained. • 

For instance take a 7 sided figure as 1,2,3,4s,6,7, Produce 
17 both ways. Join 13 and draw aline parallel to it through 2 
meeting 17 in a, join «4 and draw a line ’parallel Ip it through 3 
meeting 17 produced in b. Join b.p Commegc’e on the other 
side. Join 57 and draw a line parallel to it through 6 cutting 17 
in c. Take the corners C54. ’Join c.j and ^raw a line prallelel to it 
tluough 5 cutting 17 produced in d. Join d4. Then by the 4 

.-—-•—!-1-^-—- 
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operations 4 sides are reduced of a ? sided figure and a triaiigle 
4fyd„is obtained equal in area to.the polygon 1234567. 

115. To construct a triangle equal 1 'in area to any 
‘-regular polygon. Fig. 154- 

Let ABCDEF be a regular polygon for instance a hexagon. 
Produce one side AB of the polygon" both ways, find O 
the ceqtre of the polygon and join OA and OB. Make 
the line obtained after producing AB both ways equal to 
6 times AB and mark the six divisions.’ Join the points with <). 
In this case 25 is equal to 6 times AB And the triangle O25 is 
equal in area to the hexagon. 

116. To construct a triangle equal in area to a circle. 
Fig. 155. 

Let ABD be a circle. Draw AD a diameter of the circle Let 
B be the middle point of the semi-circle ABD. Join B with the 
centre C of the circle and complete the square BGDI.. With B as 
centve and BC a« radius draw an arc cutting the quadrant BD 
in E, Join BE and produce it to meet DL 111 F. Draw AH at 
right angles to AD and equal to it. Join FH. Then 1 J 1 is equal 
touche Jtt of the semi-circle ABD. On FH take any point K and 
draw KG perpendicular to FH and equal to AD the diameter. Join 
FG. GH. Then the triangle FGH has area equal to the area of 
the circle ABD. 







AREAS AND DIVISION OF AREAS. 67 

... ’ 

117. To constnult a* square having half the area of 
a^iven square. Pig. \l56. • • • • 

Let ABCli’be a given square. Bisect AB in E. On A 1 J 
draw a semicircle. From E draw pF perpendicular to *AB to 
meet the circumference in V. Take AG in AB equal to AF. Draw 
the digonal of the square. From G (jraw GH parallel to 
BC meeting the digonal# AC in H. From H draw parallel 
to CD meeting AD in K. Then AGHK'is a squaie=] of 
A BCD. * . ’ 

113. To construct a rectangle Jrd the area of «. 
similar rectangle. Pig. 157. 

J^et ABML be a given rectangle. DivMe AB one side of 
the rectangle into j^equal parts in C and D. Produce AB to E 
making BE equal to BD or one-third of AB. On > AE draw a 
semi-circle AFE. Produce BM to meet the semi-circle in F. 
Make.BG equal to BF and from.G draw GH parallel to AL 
meeting the diagonal BL in H. From H draw HK parallel 
to J.M mee'Jlng BM in K. Then I’KHG is the required rect¬ 
angle. t ' , 

llff To draw a circle ’the the area of a given 
circle. Pig., 158. . * 

Let A be the centre of the given circle a£d AB a radius ; 
divide AB into j equal parts. Produce BA to 3 making A3 
equal to i*ths of AB. On B3 draw a setni-circV; BD3. From 
A draw AD perpendicular to B3 meeting the ee'mi-circte in D. 
With centre A and radius equal to AD draw a circle whose area 
is J ths the area of the,given circle. , 
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2nd Method. Draw a semi-circle'on (\B as AEB. From F the 
thild" point from A Towards Ai! drary FE perpendicular to AB 
^eetingthesemi-rircleAEBin E. Join AE ; then AE is the radius 
of thti* circle which will be J ths in area of the given circle. 

J20. To construct a triangle qf a given altitude 
equal in area to another given triangle. Pig. <-159. 

I.et 'ABC be tye given triangle and D the given altitude. From 
C drawl CE perpendicular to Al! the bjse. Make EF uqtial to D 
the given altitude. Join FA and draw CQ. parallel to FA meet¬ 
ing BA produced in G. Join KB and draw CH parallel to KB 
meeting AB ptoduqed in H. Join FG and FM, then FGH is 
the required triangle. 

121. To divide a triangle into any number of equal 
parts by lines parallel to one of its sides. Pig. 160. 

Let ABC be a triangle which is to be divided into 3 equal 
parts, 

Trisect one side AB of the triangle in D and K and draw a 
serjii-arcle on AB. From 1 ) and E draw perpendiculars DF and 
EG to At to meet the setm-circle in F and G Join BE and BG 
which are the, mean proportionals to BA and 111 ), and BA and BE 
respectively. Mtjke BH and BE equal to BF and BG respectively. 
From H and E draw HI. and I\M parallel to AC one side 
of.the triangle ABC which will be trisected by III. and EM. 

122. To bisect a triangle by a line perpendicular to 
one side. Pig. 161. 

Let ABC be a triangle. Draw ,AD> perpendicular to BC, 
Bisect BC in E .Produce BC to F making CF equal, to CE. 
Find the mean proportoinal 'between, CD the greater segment of 
BC and CK half the line. Draw a semi-,circle on DK and from 
C draw CK perpendicular to CF' to.meet the semi circle in K. 
Then CK is the mean proportioned. Make Cb equal to CK. From 
G drawGH perpendicular to BC. GH bisects the triangle ABC. 

123. To bisect a trirngle day a line drawn from a , 

point in one of its sides. Pig. 162. . , ,, 

, Let ABC be a triangle tmd D a point in AB. Bisect AB, 
(the side in which the point is takerfj in E. Jon SiC and from 
E draw EG paiallel to DC meeting iVC in G., , Join.’DG, then 
DG bisects the (Wangle ABC. • ' ' • ' 

“ * , , 

, 124. Tot trisect a triangle Cay lines drawn from ft 
point;in orifc of the sides. Pig. 103. , r 
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' , Let ABC be a triangle and D a point in*AB. Trisfict Ab in 
E and F. Join CD. F»om»E and F draw EG and.FH •paralfcl 
t(? CD meeting the sides\of the-triangle in G and H respectively. 
Join DG and L'<ft which will trisect the traingle.ABC. 
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125. To bisect a parallelogram by a line drawn froth 
a.giveu poipt in one of its sides.-Fig. 164. 

vli.it ABCD be a parallelogram anq E a point in AB. DrSw 
AC and BD the diagonals of the parallelogram intersecting in O. 
Join BO and produce it to meet CD in H. Then EH rfil blisect 
the parallelogram. ' 

1'26. To bisect a quadrilateral figure byo line drawn 
, from onq of its angles. Fig. 165. •> 

Let' ABCI), Lfe a trapezium ; it i$ to be bisecfcd by a line 
drawn from the corner D. Join the diagonaj AC subtended by 
t(r,e corner D. Bisect AC in E. Join ED and Ell. The two 
lines DE, EB bisect the trapezium and if the figure A DEB be 
reduced to a trningie by a line from 1) the problem is solved. 
Join DB the first and the third point of DE, l ’iB and fronr E the 
2nd point draw a line parallel to DB meeting AB in E. Join 
DF which bisects the quadrilateral. 

127. To divide a triingle into any number of equal 
parts, by lines drawn from a point within the triangle. 
«JFig. 166. 

v Let ABC be a triangle and D a point in it. The triangle 
is to be Trisected by lines from D. Trisect AC in E and F. 
Join DE'and ■ DF. Draw BO and BH parallel to F,E and DF 
respectively meeting AC in G and H. Join DG, DH and DB. 
Then these lines trisect the triangle. 

"128. To divide a circle into any number of equal 
parts by concentric circles. Say three parts. Fig 167. 

Let AFG be a circle of centre Q. Draw QA a radius. 
Trisect the radius QA itY B and C. Op. QA draw a semicircle, 
from the points E and, C draw BD and CE perpendiculars to 
QA meeting the semicircle in" D and- E'. Join QDand QE. 
With Q as centre and radii equal to QD^and QE draw circles 
which will trisect AGF. ■■ 11 

t 

129. To divide a circle into any .number of parts 
equal in area and perimeter. Say three parts. Fig. lp& 

Let ABE be a circle, o Braw AB, a diameter” of the circle 
ABE. Trisect AB in C and D. On AC dratf a semicircle and 
o.n CB draw a semicircle on the 1 opposite side. On AD draw a 
semicircle on the same side as the seirftcircle on AO smd on f>B 
draw a semicircle on the opposite side of it, Now dip-circle is 
trisected by the Curves AJ'CGIl and AJJDKB and it is clear that 
the perimeters of the three portions are equal in length. 
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130. To divide a parallelogram into any number,of 

equal parte by lines drawn from f point in one of the 
sidos: Pig. 169. 1 ,i ” '• 

Let ABCO be a parallelogram and E a pobit in AB. Let 
Vhe parallelogram be divided into 4 equal parts. Divide AB 
in which the point is taken into 4 equal parts in F, 0 , and H. 
Through F and Gjdraw FM and ON parallel to AD, by each of 
which a, quarter of the parallelogram is obtained. Bisect FM 
in K and GN in f. Join EK and El,. and produce them to () 
and 1 '. EO arid ,EP divide the parallelogram each into a 
Jpurth part. It is now required to divide file trapezium EPCR 
into 2 eqnal parts by a line from E. Join PB and bisect it at S. 
Join EC. Through ■ S draw SR parallel to EC meeting (JB in 
R. Join ER. Then EO, EP and ICR arg, the three required 
lines, <> 

131. i o divide a triangle into two parts, having a 
given ratio to each other, by a straight, line (drawn 
thrqugh a giveq froint in one of its sides. Fig. 170" 

Let ABC be a traingle and D a point in AC. 1 Divide the 
line AC in which D is taken in the ratio of 2 : 3 in the point F. 
Join BD.* From F draw F'E parallel to BD. Join DE Chen DE 
divides ihe triangle in the ratio 2:3. 


132. To it vide a parallelogram into 2 parts having a 
given ratio to each other, by a straight line drawn from 
a given poin^jn one of its sides. Pig. 171. 
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• Let the ratio of the parts be as i : 2. 

. .Let ABCD lie a \paral!elogram and E a poifit in I)C one 
side. Divide DCJ into 3 A]ual parts (1+2) at F and O. Tfirdugh 
F draw i'll paj’allel to AD. Then FII divides-tbe parallelograiji 
in the ratio 1 : 2. Hisecj FH in K» and join EK, Produce EK 
to meet AB in L. Then EL divides the parallelogram in 
the ratio : : ■?. . 

133. To divide a* trapezium into 2 equal *parta by' 

lines drawn from a given point inside* the trafcezium. 
Fig. 172. , • , 

Let ABCD he a trapezium, G a point in it. Join G 4 . 
Through the point C draw OF to bisect the field ABCD. 
iprdh. 126 fig. i6v). Join GF. Through G draw CH parallel 
to GF cutting AB In H. Join GH. Then GC and GH bisect 
the trapezium. Because GF hisecis the* trapezyim and the 
triangle GCH is equal to the triangle I'CH. Take away the 
comihon triangle KCH. Then GC’K is eqinjl to FKH. 

134. JTo construct a square 3sqr. inches iD.area* 

Draw a rectangle of 3 sqtiare'inches in area. Find the mean 

proportional between the two adjacent sides of the rectangle 
which will Ije a side of the square required (problem io4»Fig. 141) 

135 To construct any regular polygon, eay a pen¬ 
tagon, equal in area to a given triangle. T'ig. 173. 

Let CAB he the given triangle. Divide AB into 5 equal ijarts 
i. e. the same number of parts as the regular polygon .will have 
sides. Draw AD at an angle of 72 0 with AB f. e. at A make 
an angle equal to thg an^le at the centnj of the required polygon, 
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in this case a regular pentagon. From C draw CD parallel te 
All meet'ing AD in D. Find the meat! proportional AF between 
AD anti Ai. With A 4 s centre and A Fas radiuij draw a circle 
r cutting AD in E • and AB in C. Join EG which is a side of 
the regfllar pentagon to be inscribed in the circle. 

139. To draw a rectangle inside another rectangle of 
half the area of therouter rectangle and leaving spaces of 
,the same,width all round. Pig. 174 175. 1 

1 st ‘Method., Pig. 174. Let A BCD be a rectangle. Pro¬ 
duce AB to E making BE = BC. Find P the, middle point of the 
wfcole line AH. Find the mean propotional BF between the 
two adjacent sides of the rectangle AB and BC. The square on 
BF is equal to the rectangle A BCD. On BF draw a semicircle 
BGF. Bisect the arc BGF in G. Join BG. ‘ Take BH in BF 
equal to BG. t Then the square on BH is half the square on BF. 
With F as centre and PH as radius draw a semicircle meeting 
AEin K and L. Then the-rectangle contained' by Blvand 
BL is'equal to the square on BH therefore equal to half the 
rectangle BA’, BE. 1 

Bisect _AK in M and set off AN, DR and CQ each„equal 
to AM. „Through M,N,R and Q draw lines parallel to the 
4 sides of the rectangle, then the rectangle S 1 UV obtained inside 
the rectangle ABCD is the required figure. 
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* 2nd Method. Fig.’175. Bet ABCD be the given rectangle, 
oin BI). Produce DG asd take DF equal to JIB »nd C£ 
qifal »o CB. Divide Fl^nto 4 equal parts. Then each« {^irt 
s equal to the wMth to be left round inside the square. 

Take’BG, CH, DK and AL each equal to Fr or a fourth* ' 
>f FE and through G, fl, K and I. draw lines parallel to the 
l sides of the g^ven rectangle. • 

Proof:-Let D(! = a, CB=i 

DEirr + 6 . DF=I)B= v /„q;7> 

Let the width of the path=* 

Then (a-2.1) (i- 2X ) = a - 
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< EXERCISES. 

CHAPTER 'IV-/; 

M l. Draw a lire 3^long. From a poiriX below the line draw a per¬ 
pendicular. Trisect the right angle thus formed. * 

2.‘ Divide a line 5* 1 mg into six equal parts. Draw parallel lines 
half an inch apart, through these divisions/ 

o. Set off an angle of 22"$ and 73® without using prgtractor. 

4 Djcaw tW3 parallel linos A and B \" apart. Take a point P V 
above A. Through^/* draw a line cutting the given lines in such a way 
that the portion intercepted between the lines will be 1J*. 

5. Bisect a given lino by the use of two set squares with angles of 
4V and 60°. 

6. Draw lines of the following lengths 2,', 1“25 # , 3*5", l’ # , 3*. 

7. Draw two parallel lines 2’' long and 1'* apart. o 

8. Find a point C in a line AB (2.$ inches loSg) produced, so that 
AC : AB as 5 : 4. 

9. Draw two lines meeting at an angle of 671° and between them 
place a line 2$ inches long making 60° with one of them. 

Find a line, whioh shall have the same ratio to a line 2-’' long 
that 5 has t< 3. 

11. From the left extoremity of a given line obtain l, } and ’th 

of K. * *■ 

12. Divide a line 3 75* long into 3 parts A, B and 0 so that B \t 

double of A and C 1J times B. *- 

'i 

EXERCISES. 

. r CHAPTER V. 


1. Draw a right angled triangle with one angle 30° and hypoten¬ 
use 2.$'. , 

2. On a base l£' long construct an isosceles .triangle with a vertical 
angle 30°. 

3. On a base long draw a segment of a circle'containing Ln angle 
of 120°. 

4. Make a triangle sides 2*5 # , 1*25" and long. 

5. Draw a triangle vertical angle 30° base 1‘7* rnd sides as 4 : 5. 

6. Construct a rhombus with sides 1-*' long-and one of its angles 60®. 

7. Make a square to contain 5*36 sqr. inches. 

8. Describe the figure ABCD when AD = J', AC = 1$", angle DAC = 

•63®, BC*$AO, ABss^BC. . . . 

9. Construct a rhomboid, adjacent sides 3' and 2' and diagonal 4 . 

■ 10. Draw a triangle, having given (1) two sides a'n.l an ut.gle opposite 
to one, (2) two angles and the intermediate side, (3) two angles and a side 
opposite to one of them. <i . (1 *• # ** 

11. Construct a triangle having the base altitude = l* and oeri 

meter 3f*- * ' r 

12. The three mediars of s^trianglf are l*" and 1$*, draw th< 
triangle. 
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* 13, Construct a triangte having its base = 2", altitude=»2]\ .tnd ratio 
oftftidtB 4:7. V , , 

14. Draw a right angle \nd trisect it: on the same figure construct 
the following angles viz., 7\°, 15°, '22°],, *30°, 37°j. 45°, 00°, 67 j°, 75°. 

15 Construct an isosceles triangle, altitude AB--2J* making Angles* 
of 25° with the equal sides of %he triangle* 

16. Construct a rhombus one side is equal to 1 { inches an4 the 

diagonal equal tit2 inches. * 

17. Construct an equilateral triangle 2 inches high. 0 

18. Construct a right angled triangle having angles in the proportion 
of 3 : 4 : 6 

19. Take three points A,B,C in a straight line! AB=U inches BC= 

2 [ in. B between A ami C. Diaw a rectangle, the sides of which are j» 
the ratio 2 : 3 vertex at B, the two sides parsing respectively through 
A and C Hint : -Bisect AB and BC and through frhe points of bisection 
draw'lines at right angles to AB and BC and equal to halves of the line 
respectively Join tht? ends of these perpendiculars with B which will 
form the sides ot the rectangle required. • ^ 

20. The diagonals of a rhomboid 2 3* and 3"2* long contain an angle 

of 60°. t Construct the rhomboid. , 

21. Construct a square 3' sides, insect the* sides, and join tho 
adjacent points of bisection, thus obtaining a second ‘square; bisect the 
sides of this square and obtain a thiyd square. Continue the process 
until 4 sqmyes have been drawn. Measure the diagonal of the smallest 
square. * 

# EXERCISES. > • 

CHAPTER VI. ; 

1. In a circle 1^" radius inscribe a regular heptagon. Find the 
longth of ono side and the value of one interior angle of *ho polygon. * 

2. How many degrees are there m each of the angles at the centre 
of a nonagon. 

3. Construct a regular polygon with one side equal to 1" in length 

and one angle equal to 140°. . • 

4. ^Construct p f regular polygon on the chord pf a« arc of 72°. 

5. Construct a regular pentagon, fliagonal .V. 

6. Construct a regular polygon one side U" and an angle 120°. 

7. Construct an irAigular pentagon ABODE from the following 

data: sides A&=2]',*Bp = l^, DE=1J' diagonal Al) = 3" angles 

ABC = 120°, ODE = 112 5®. • 

8 Tho sides of o quadrilateral ABCD arc as follows AB = 1", 
BCvl". CD«=> 1}', Al\= 1//diagonal* Cl)=l^' constructQt and draw # a 
similar figure of*perimeter 4". * • # 

9. 0 a point* within a Quadrilateral figure ABCD. Construct the 
figure from th(f following dimensions * 

Angles: A0B = 115°, BOC = o5°, AODmSo 0 • 

! Lenffhsl OA-I’A AB=ir, BC=l!', BD=3'. 

•10. fyraw quadrilateral figure ABCD with the following dimen¬ 
sions’:— * * * * * 

ABa*2‘, EkC = 1 The diagonal* BD = 2", tjie diagonal 

AC = 2£". • * 

9 Sec Definition 12 Chap. III. 
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EXERCISES. 


CHAPTER VIL 

1. Within a given, regular polygon to inscribe another similai 
figure, having its sides parallel to and equidistant from those of the given 
figure, the length of one side being given. 

2. About a given regular polygon to describe another similar 
figure having its aid?* parallel to and equidistant from those of the given 
figure, tne length *oi one side being given. 

3. In a square 2" sides inscribe another havirlg a side of 1. 75'. 

4. Construct a square of 2.1" sides and in it inscribe an isosceles 
triangle with l.j' base; inscribe within the triangle a rectangle, one 
side of which is 1|\ 

5. Construct a quadrilateral base 3', base ang'les 90° and 75°, sides 
2* and 2*. Within it inscribe a parallelogram having a side of 2*. 

6. Within a square of 3' sides inscribe the largest possible equila¬ 
teral triangle. 

7. Within a square of 2V side inscribe an octagon, so that the 
alternate sides of tho octagon shall coincide with the sides of the square. 

8. In a triangle ABC inscribe an equilateral triangle v. ith one 
vertex birecting AB. 

9. Construct within a given triangle and equidistant from tho sides 
of it, a similar triangle, the base of which is equal to a given line. 

10. The same but the triangle is to be drawn outside the given 
triangle. 

EXERCISES. 

.CHAPTER VIII. ' 

1. Plot without th® aid of protractor the following an^fes, 15* 
and 75\ 

2. Plot the following angles by protraotor' and verify them by a 
scale qf chords of 3* radius. 27° ; 49° ; 82°, 123* ; f J63* and "295*. 

3. Construct a scale ot chords on a radius 375' to read 5°. By 

means of this scale plot an angle of 65°. t 

° 4. By means of a scale of fhords of 3 7 radius constiuot a triqngle 
base 4' angles at the base 80° and 20*. Mefisure the ;2 sides ^correct to 
two'places of decimals. 

'' 5. Without the aid of a protractor ooPRtruct an isosceles triangle 
on a line 3$ inches long with angle at bases 75° and construct p square 
equal to it in.area. » , * , 1 

6. Three posts B, C,«D are, in a straight line a£ intervals of 
100 yards. An observer at A finds that the angle B AC ip 20* and CAD 
*30°. Obtain>he position of A. One inch represents 20£feet. 
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EXERCISES. 

JHAPTER IX. 

1. l5raw a tangent (o a point in the are-of a givon eircle without 
taking helf) of the centre. * 

2 Mark tiiree points not in a straight lino, Find a point equidis¬ 
tant from them. * . 

* * 

3. Two circles radii 1\* and 1" have their catitres 2' apa»t. Draw 

the common exterior and interior tangents. * 

4. Draw two circles of 1' and radius witft their centres 21" 

apart ; draw anothor circle tangential to both externally. * 

5. Draw two linos at an angle of 30° and a*third lino outting them 

both*at any convenient angle ; draw two circles tangential to all the 
three lines. •'* 

(i. In a circle oi 1' diameter, inscribe a qua<!rifoil having tangential 

arcs. 

7. » Construct a pentagon of ]" sides’and about it describe a cinque¬ 
foil having adjacent diameters (cinquefoil is of 5 semicircles). * 

8. Construct a square with si<Jes of 2 3 # , and inscribe four equal 
circles witlpn it ; each circle to touch two others as well as one' side ot 
the squtlre. 

9. Within a triangle of 2*3* sides, inscribe six equal circles* 

10. Within a circle ot Is')* radius inscribe 5 equai*circles. • 

11. To inscribe a circle which shall hwo its centro on a given line 

CD, and shall touch a given lino AB and a given circle.* • 

Hint Draw any line EF at right angles to AB and any line through 
the centre 0 of the given circle as 00 towards EF cutting the circum¬ 
ference in II. Along EF set off any length| El, E2, E 3&o. and along 
HG set off HI, H2 and H3 Sic respectively equal to these. With 0 as 
centranscribe arA through the points 1, 2, 3,<$c. on HO to meet lines 
drawn parallel to AB through the Corresponding points 1, 2, 3 &c. on 
EF. These arcs and cyrresponding lines intersect at points a, b, c Ac. 
through whiofo draw a ourve. This curve is the locus of the centre of a 
circle whioh moves so tJB»always to <puch the given line and circle and the 
point in which the curve intersects the litte CD is the centre of the 
required circle whoso radius is equal to the perpendicular* from the point 
to Hie line AB.. 1 * 4 • 

12. Anoint # R is 2.75 iflehes from the centre of a circle of 1 inch 

radius. From* P draw a line to cut the oircumferenoe of the circle in 
two.points A and B so that PA : AB : : 2 : 3. • 

* .»• <1 * 

fl3. #Fmd a third poipt C on the circumference of a oirole such that 
C,A :,CB :* #5 : ,1.% A emd lj are two other pointE^on the oiroftmference. 

14. In a »ircle, radius 2' i describ« 3 equtl ciroles eaoh touching two 
•others and the.cx/htaining oirefe. * 
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EXERCISES. 


CHAPTER X. 


{ 


1. Construct a parallelogram on a line 3' long e^ual to a square 
side *2J • 

2. Construct a triangle, perimeter sides as 5 : 4 : 3 and make an 

equilateral triangle equal to it. # 

3. Divide a triangle into 3 parts in tho ratio 1 : 2:3 by lines 
drawn from one of it^ angles. 

4. Construct right angled triangle base 2' and area •2*33 square 

inches. * to 

t 5. Construct a triangle area 3 square in. with sides as 3 • \ : 3. 

6. Construct an equilateral triangle equal in area to the difference 
between two other equilateral triangles with sides of 13" and 2 25* 

respectively. * 

7. Draw a regular heptagon on a side of 1*23 ; and construct a 
similar polygon ’,ths of its area. 

8 Construct a trapezium with sides of IJ* 2*-\ 3^'and 2\* t one 
of its angles to be 60°. Bisect it'through one of its angle:.. , 

9? Draw a pentagon on a 1 '5* side ; and construct a rectangle 
equal to it on a 3" aide. 

10. * Construct any irregular° octagon and divide it into seven 

equal paits. ^ *' 

11 . 5?wo triangles ABC, DISK are given It is required to draw a 
triangle def, wiuh its vertieos cl, e, f. in BC, CA, AB and*its sides de, 
of, and fd, parallel*.',to 1)E, EF and FD. 

12. A triangle ABC and a quadrilateral DEF(I are given. It is 
required to draw p- quadrilateral defg similar to DEFG with its side 
de in AB.and its vertices f and g in BC and CA respectively. 

13. In ABC inscribe an equilateral triangle with one vertex 

bisecting A B. ' , , , ~ , 

14. Draw a square A BCD of 2 inches side* and through O draw a 

line meeting AB in P ^nd 1)A produced in Q. so that the area of the 
triangle PAQ shall be double of the triangle PBC. : 

15. Draw a circle Jtlw the area of a'given circle, and divide it by 

concentric circles into 3 equal parts. u 

16. Construct an isosoeles triangle with an -area of 3 square inches 
and having a vertical angle* of 30°. 

17. Divide a square ol 2 inohea side iqto 3 equal areas by lines 

parallel to a diagonal. ^ r * w 

18. Within a circle ot 1^ inches radius* inscribe ^ rectangle witfn an 

area - of 2 square inches. ' 

- 19. Within a square of 2 inches side inscribe a square having its 

angles in the sides of the first, and its area t& the area oi,th<t*firat sqifore 

a8 2 2(f Describe n, square equal to tho difference of t*o squares whose 
8 ides are 2-7J'and 1*45*. « « * . 

# 28. A square has its diagonal 0’23" longer than its side,. Construct it., 



CHAPTER XI. 


PLAIN SCALPS, DIAGONAL SCALPS AND 
COMPARATIVE SCALPS. ^ 

» 

When an object is so large that it cannot be represented 
on paper full size, its drawing is done by feducing .each line 
in the drawing t;o a fixed and knowp proportion to the line it 
represents. This proportion or ratio of reduction is know.} as 
the scale of*the drawing and whpn it is expressed in fraction 
it is calhd'the Representative Fraction of the scale or mote 
commonly the.R. K. of the scale. Suppose on a ijrawihg of a 
culvert the scale is written as 4 ft = j". From.’this it is to be 
inferred that every inch on the drawing represents 4 ft. or 4 S 
inches on the culvert and the ratio of reduction w L wfych i*s 
the R. F. of the scale. Usually the scale is expressed by the 
length represented by 1 inch in case of Engineering or Mechani¬ 
cal drawings as 2'** r' l or 4'=*r"; and in rytie o’f topographical 
drawings either by the lefigtl? represented by 1 inch or by the num¬ 
ber of inches*representing a length of one mile as when R.F.= 
TiiVtt, the scale is either 33 °' “ I* &r 1 mile.* 16". 

for the convenient!} of measuring off a distance from the. 
drawing in order tojtnow this real- lefhglh of the line it represents, 
a graduated stfaight line is attached to all drawings called the 
“scalfc” in addition to the written representation of the scale. 

, Scales* jnay*be d/averi to show two units of measare as feet 
ipd inches, teas of yatds ahd single yarfls or miles and fjirlongs 

• 9 
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*zc. These are called plain scales When three units of 
measure have to be shown as yards, fet. and inches : or hundreds 
of feet, tens of feet and a single foot; or a foot, tenths of a foot 
and hundredths of a foot, either a flagona! or a vernier scale is 
to be constructed by which very minute divisions can be attained 
which is impracticable by the plain m“thod'of division. 

Comparative" scales:—It is sometimes necessary, when 
the scale of a drawing is adapted to one unit of length 
' suitable for one place, to construct another with the same 
representative fraction but having a different unit of length 
prevalent in another place. These scales are known as compara¬ 
tive scales They are graduated differently with different units 
though the R F. in the two , cases is the same. They are plain 
sca.es either drawn separately or one over the other. They are 
required for maps of countries which have different standards 
of measuring distances. 

Scales will he treated in the following order. 

i. Plain scales, 2. Diagonal scales, 3. Comparative 

scales, 4. Vernier scales. 

1 

Plain scales:— In all scales it is evident that if they fulfil 
the functions explained above, any length on the scale must bear 
the proportion expressed by the representative fraction of the 
scale to the real'length it repiesents. 1 

Scales are usually made about 6 or 7 inches long, but it is 
sometimes made smaller or longer when, it is convenient to 
do so. ® 

A convenient rule to draw scales'is to assume a certain 
length to be represented by the scale, which will occupy about 6 
inches of space on paper. The number to be assumed should 
usually, though not necessarily, if it be more thaft , ‘9, be Either 
10 or a multiple of „ 10 as 30 , 80 or roq. Draw a straight L ; ne 
and measure on it the ‘ number of inches representing the length. 
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. • » 

assumed. Divide the lioe ipto as many units or terys of tnitsSs 

tht; aSsumed number expresses. These nfe called the prtrrfary 
divisions of the Scale. To show these divisions or spaces jrnort* 
clearly, another line is drawn parallel to the first and about T ’ 5 th 
of an inch hel^w it. Draw vertical lines through these divisions 
from the 2nd line to’about ,\ ( th of an inch above the first hori¬ 
zontal line. "The last but one point from tlie« left is* always 
marked zero. From this point mark the piimSry divisions t^ 
the right as 10, 20, 30, &c or joo, 200, 300 lire. as the case may 
be. .The division on the left of the zero point is to be sub¬ 
divided, either into lo equal parts if the primary divisions re¬ 
present ro, or a multiple of 10, or into an aliquot part 
representing a'sub division of tire primary division, expressed 
lry a unit of Jhe linear measurement, for instance into ra parts 
for inches in case of a foot, or 'into S parts for furlongs # in 
case of a single mile of primary divisions. The sub-rjivisions 
are to be nrailred from the right i. e. from the zerp 'point of the 
scale to the left. The zero point connects^ht! livo divisions in 
such a way , that by one stretch of the legs of tin* compasses,»a 
measurement may be taken which compiles both the primary 
and the sub divisions of the scale. 

1 • 

A few examples are giVen below to expljin |he construction 
of scales. It will be syren, that tire principle is the same in 
all cases. • 


1 . Construct a.scAle of J'=l' F’g. 176 
Let the length • of the scale show 6 feet wljiclr will be 
represented by^ a line *0 inches long. Divide it into 6 equal 
partsshc^w a single foot Of primary divisions. Divide the fijst 
division on the left into 12 equal parts to represent inches. , 
2 To »6nttruct a siale of feet and inches R. F.=jV 
. Tig. >U7 Assume’jhe length of the seale |p shdw 10 feet 


vtfiich will be {^presented by-^=4 


=4 inches. 
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' Take a line 4 inches long. It represents 10 feet. Dividt.it 
intcf io equal parts. 1 Then each parf.of the primary division 
represents i foot. Divide the first division into '12 equal parts 
which will show inches. 


3. To construct a scale of 12 yards=1". Pig. 178. 

Assume the length of the scale to shftw 70 yards The 
number*7o is arrived at by multiplying 12x6= 72 and its nearest 
multiple of 10 is 1 70': 

70 yards will be represented by;“ = 5.83 inches. Take a 
straight line and measure on it a distance of 5,83 inches, from 
the decimal diagonal scale on the back ova rectangular pro¬ 
tractor, the Construction of which will be explained further on. 

This length is 70 yards. Divide it into 7 equal parts and 
subdivide the lsfleft hand division into 10 equal parts to show 
a single yard. c 

'4. To construct a scale of 6"=1 mile showing chains 
of 100 feet. Pig. 179. 

'.i mile = 5280 feet = 6“ 

We can assume the length of the scale to be 5000 feet. 

5000 x 6 

Then 5000 ft.will be represented by —. =5'68 inches. 

Divide the length o( 568 inches which, represents 5000 feet 
or 50 chains into equal parts; each pctiun of the primary 


division will be to chains. Divide the is; division on the left 


into 10 equal parts to show a chain or rod feet. 



■1 mile, abowtftff oWtlaa 
*>f 100 ft. 

179 


Ie8'- 
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, 5. Jo construct a scale of 8 inches = l mile showing. 
10 paces. A pace=30 inches. Pig 180. 

A pace™30 inches = feet. 


. :. 10 paces = 25 feet. " 

5280 ft. = 8 inches. Assume the length of the scale to show 
1000, paces i. e. 2500 feet which will be represented by 
2500 x 8 


528° 


= 37S inches. 


Divide the length 378 inches into 10 equal ‘parts; each 
part will represen* mo paces. Divide the first primary division 
if.to to equal parts, then spaces of to paces will lie shown. 

6 A map is 30 inches long and 24 inches broad ; 
it represents an area of 20 acres. Draw the scale of the 
map to show poles and yards. 4840‘-Bqr. yds==l acre 
Pig. 181. , 


36x24 = 864 sqr. inches represent 20 acres. 

20 acres = 20 x 4S40 sqr. yds. = 96800 sqr. yd!. 

£64 sqr. inches represent 96800 sqr. yds. Divide by 8 
108 sqr. inches ... 12100 sqr. yds. 

,6^3 inches ... no yds. „ lt 

5.19 inches ... 55 yds. 

The'scale is to show poles and yards. Assume the length 
of the scale to bt*. to poles or 55 yds. 

10 poles will be rtprsenled by 5.19 inches, 

. Divide the length 5.19 inches into 10 equal parts each part 
is a pole. A pole = 5.} yds. Therefore divide 2 poles or 11 yds. 
into 11 equal parts to show 1 yard. The zero point in this case 
is the 2nd point from the. left 

7 . A scale of T i lh ^ to take off intervals of time, adap¬ 
ted to the trot of a horse. A horse goes over 250 yards 
per minute at a fast trot. Show ltf minutes. Fig 182. 

R- lL=T-k-50 or I2 5° ft -= «' " 

The horse goes over 250 yd? in 1 minute therefore in 10 
minutes the horse goes 2500 yds =7500 ft; which will be 

represented by = 6 , ■ ’ , 

'Take a line 6 inches long. It represents 10 minutes. Divide 
it‘into io equal parts each portion is a .minute. Divide the first 
space into 6 equal parts each portion will show 10 seconds ; 

Diagonal scales:—If we want a fractional portion of a 
secondary division which' is too small to be divided we can 
obtain it by adopting the following method; 
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Let A B be a small length of a subdivision a 
scale. Fig. 183. It 1 is to be divided into f 10 
equal parts. Draw AC perpendicular to AB and set 
off 10 equal spaces of any convenie.it length as At, 
i2, 23 &c to 9C. Join C,B and from the points of 
division in AC draw lines parallel to AB. Then the 
small space at division 9 is T ’ ff tl) of A'B. Th eparallel 
through 8 is ,’5 ths, through 7 is ths, of AB 
and £0 on. 

() 8. Construct a decimal diagonal scale of inches 

showing tenths and hundredths Fig. 184- 

Take a line 6 inches long and divide it into 6 equaj parts 
each part is 1 inch. Divide the first division into 10 equal parts ; 
each part is y^th of an inch. To show hundredths of an inch 
adopt the diagonal method shown above. Draw vertical lines 
through each inch division. Set off on the 1st vertical line 10 
eqiltal spaces. 1 The horizontal lines are to be drawn from 
the points in the first vertical line to the last. The zero 
p.oint of a diagonal scale is always placed where the first diagonal 
meets the 2nd vertical line from the left. 

When the number of the sub divisions of the'scale is to and 
JO parallel liner />re drawn for the diagonal method the scale 
is called a decimal dihgonal scale or else it is a diagonal scale. 

9. To Construct a diagonal scale showing miles, fur¬ 
longs and gunters chains, the scale is 1 mile =1". 
Pig. 185. 

Take a line 6 inches long to show 0 miles. Divide it into 
6 equal parts for A ..mile. Divide the first: division ints 8 equal 
parts to show a furlong. A' furlong is 1 660 feet or 10 chains. 
Draw 10 equidistant parallel lines and -draw the diagonals. A 
distance of 2 miles, 3 furlongs and’7 chains can be shown by 
arrow heads. 

10. A diagonal scale of 8 ft «= 1" showing inches 

diagonally. Fig. 180. , 

" Assume the length of the scale to show'30,fett. Then 50 
„ feet will be represented by •—6 - 2 5 inches. Take a line 6'25 
inches long and divide it into 5 e'qugl parts,' edfsh portion will 
show 10 feet. Divide the first division ipto io.eqtqil parts for a 
single foot, and draw, 12 equidistant parallel fines for getting 
inches by the. diagonal method. 
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11. A scale of bighas and cottahs corresponding ttj 1 
330 ft.I'. Show a cottah by tha diagonal method' 
A bigha => 120tt = 20 cottahs. Fig (t 187- 

A bigha = 120 feet therefore I inch will represent little less 
than 3 bighas, We can assume the length of the scale to show 
io bighas i e. 1200 feet, which will be' represented by y/J* = 

3 63 irtclies. . 

, Heiee line 3A3 inches long is taken which is 10 bighas. 
Divide iti into io,et|tial parts to show a bigha and draw vertical 
lines through the po ints. The diagonal method of division is 
adppted here to obtain a subdivision of the primary division 
as a cottah is ? ff th of a bigha. The space of a bigha can 
easily he divided into' 4 equal parts which will give 5 cottah 
spaces and 4 equidistant parallel lines can die drawn to get a 
fifth of it A length o.f 5 bighas and 13 cottahs can lie marked 
by arrow heads 

Comparative scales, examples :— 

12? To construct a s -ale of English miles compara¬ 
tive t.o a scale of Russian Versts, 30 versts =1", 
1 verst = 116 8 68 yards Fig. 188. 

30x116668 .. 1, 

J -■ -miles — 1 1 e. iy »8miles=t . 

1760 *- 

Assume the lei g'h^of the scale to show too miles. 

. 100 =3 01 inches which leprcsents 100 miles. 

19 88 * 

Take a line 5 03 inches long and divide it into 10 equal 
parts; each portion will qepresent 10 miles. c Subdivide the 1st 
division into ten equal parts eich portion is 5 m|)e. too versts 
will he represented by inches. jTake a length J'33 

inches long on the lower side of the mile scale and divide it into 
ro equal parts ; each portion is 10 verts„; Tlivide the left hand 
one into 10 equal parts each part isn verst. 

13 To construct a scale of Bengali' “Half Kosbes” 
subdivided into fourths comparatiye to a scale, of 2 mtlefd 
= 1'. Fig. 189. ' 1 _ 

A kosh - 3600 yards. t 

A kosh is little over two miles. We. can assume t|?h length 
of the scale to^show 5 koslies or 10 half kosljes. ,* r 

t koshes will be represihted by 5 ~ X = 5• 11 inches. 

i7«oxa 
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I ' r 

Take a line 54 i inches long. It i$ to half koshes in lerigtb. 
Divide it into io eqijal parts each portion is a half kosh. Divide 
the left hand one into 4 equal parts each portion is a fourth or a 
.half ;>oah. ' * 

On the lower side of the scale take a length 5 inches long 
and divide it into 10 equal parts each portion is a pule. Divide the 
left hand one into 8 equal parts each part is a furlong. 

14 .' To construct a scale of French metres compara¬ 
tive to an English scale of 80 yds T . Pig. 190 . 

1 metre = i 1 0936 yards. 1 

Assume the length of the scale to show 400 metres. 

400x10036 

-~ = 5'47 inches will represent 400 metres. 

Take n line 5'47 inches long and divide it into 4 equal parts 
each part is too metres. Divide the left one into 10 equal parts 
each part is a 10 metre spade. 

On the lower side of the scale take a length 5, inches long 
which, will represent 400 yards. Divide it into 4 equal parts 
each part is 100 yards. " < 

Ve-.nier scales :— 

Vernier 'sc/iles are sometimes used instead of diagonal scales 
to get a very mi.-v'b division or a division of a sub-division. 
The principle of its construction is as follows ■ 

1 If a lengfn representing n units of measurement be divided 
into n 'equal parts each, part will be a unit. Now, if a line 
equal to n+i of these units be taken and divided into n equal 

parts each part will be ” + 1 or 1 -"—units. , Th,- difference be- 
n , n 

tween one sub-division of the last and one sub-division of the 

71 “f” I 71 I ^ I 

former is —!-— - of the original unit of sub-division. 

n n n . 

Similarly the difference hetween tire two sub-divisioqs s 

-,and so on. 

i» ■ 

The vernier Scale can be either straight for liner roeasurenytnts 
or circular for angular measurements. t The circular yerni( r is 
adapted fot the, subdivision of a degree or a hall degree on the 
limb of a theodolite. This vernier *does not fall within the 
sqope of geometrical drawings and is therefore omiifed. 




i 
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There is one peculiarity in the construction of the Verf/ier 
Scales, that is, all the primary divisionsj'are to be subdivided apd 
ndt t'ne one on the ‘left. The reasori will be seen fiom the 
^examqrles. 1 

15 To construct a vernier «ecale to read lOthsand 
ICOtbs of an inch and mark on it a length of 2 70 niches. 
Fig. 191. , * 

Take a line s inches long and 'divide it into 5 equal parts 
to shibv inches. Divide each inch length into 10 equal p.uts 
for tile ,'uih of an inch. Draw the upper dine of the scale and 
Che vertical divisions. Produce the uppei line to the lefl and 
commencing from the point of the 10th subdivision measure-a 
length on the left equal to 11 of these subdivisions and divide it 
into 10 equal pads Draw a third parallel line over this portion 
on the left which Is called the vernier and diaw the vertical 
divisions of the verniei. Put o on the joth place or the 
commencement of.the veniier and mark below every 10th place 
frorfi time as 1, 2, 3, 4 inches on the right. Mark the divisions 
on the,left as 1, 2, 3 up to 10 on the lower side and on the unner 
side 11, 22, 33 &e tor 10. The lower division are r, ',23 &c. 
and theqipper numbers are 'ii, -22, -33 &c. 

Each of tjie vernier division is 11 in. in length. To 
measure 2'76 w*--.<7.111 have 66 in the vernier and 21 in the 
primary scale. It isto'be shown by arrow heads on the scale. 
TG measure & S3 we can liave '33 in the vernier and '5 in the 
primaiy scale on the right of the zero point To measure '37 
we can have'7 on the vernier and ..from it we can subtract ’4 
from the divisions belov. the vernier on the' left of the Zero 

16. To construct a scale of,!,, to show poleS' and 
yards and by a vernier to read feet. Fig. 192. 

R. F. = eyj, i. e. the scale is 23ft = 1". ' , , 

Assume the length of the scale to be ’3 poles. 8 poles will 

. 8X!j*t 

be represented by--—- =5-74 inches- , 

^3 , 1 - ‘ , 

Take a line 574 inches long and divide it i-.ito 8 equal parts. 
Each part is a pole. Divide the first two divisions into it iqual 
parts. Then each part is a yard. <Take 4 of tlr-se in 7 he 
vernier and divide it into 3 equal parts. Each parj in the vernier 
will be 1 yd. t ft, 

4 . 
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PLAIN, DIAUONAL ACOMPAIlA'y VIS .SCALES.* 

'EXERCISES CHAPIEk'.M. 

> > 

Scales,—Plain, dVgonal, Comi'akatJnE and VekmkiJ 
Construtfl a scale to measure yards and leet. The R. F. f y 


9 £> 


Construct a scale ol % metres R. F. = a 1 motie=*l 0936 } Js. 

*>. Ou a map,^ the distance between two places known to be 20 mile 
apart ineasut^,# 8 , ^(Jonstiuct a diagonal scale* to measure miles and 
tu. longs. , ^ # 

4. Construct a scale of a ^ b0 . s , 

**• ^ he ol an Indian plan is drawn in Hath*. 1 inch represents 
b 75 baths. It is, required to draw a comparative scale ot leet. 1 Hath 
= 18 inches. > 

Cn a map showing a scale of kilometres IS are tound to equal 3". 
Whfct is the R F. Construct a comparative scale ol Koglioh miles. 

1 kilometre =1094 yd&* 

7 A diagonal scale of inches = lft.. ‘'►Show feqt, inches and 
eighths ot an incii diagonally. 

8i> A scale'ot 8 inches to 1 mile ttf read to 20 paces and by vernier 
to 5 paces, 1 pace = 30 inches. , > 

9. Construct a diagonal scale of 1 \ inches to the mile to show miles, 

furlongs and chains and mark on if a length ot 2 miles, 3 tin longs and 
- chains. ''What is the R. F. ot the scale. * 

10. A sgalo of i *,o lo show leet and by vernier inches. * 

11. Make a scale of knots comparative to a seal*} of 8 nnles = l inch. 

A knot= 1 15 miles. * 

12. Construct a scale of 1 mile = 3^inchSs showing diagonally spaces 

10 yards. » # * 

13. A distancoof 11 miles 3 furlongs is shown on a mapbyM^ inches. 
Draw a scale for the map showing furlongs Ajy diagonal division. 

11. Construct a spate of .f= 1 chain, ^ong enough for 10 chains. 
Show chains and jxiles^. ^ 0 

li>. Construct a scale of 3 , 1 i mhT tj> show Versts. 1 Verst= 1167 yds. 

16. Draw a scale of miles and furlongs in which 1^ furlongs equal £ 
of an inch. i ,, 5 

17 A map is <^0 inches long and 27 inches broad ; it represents an 
area of 50 square miles. Draw, the scale •of the map to show miles f 
furlongs and diagonally retains. • 

} 18. A sc^le of i inches >to the .mije is attached to a map . The 
dislnnce lyjtween £ towns Auis found from the scale to he 19 miles and 
4 furlongs while the real distance is 16 miles and 4 furlongs. The sitrvey 
was known to be correct. Construct a correct scale to the map to read # to 
lilies and lltlottgs. } 

° K). hbr^e passes> otrer 260 yds per minute, Construct a scale of 
rasxnj adapted to time- ; * • 



CHAPTER XIT 

CONIC SECTIONS, ELLIPSE, PARABOLA AN1) .HYPERBOLA, 
o < 't 

Some of the curves used in engineering and mechanical 
drawings such as the ellipse, parbola, hyperbola, cycloids, 
involute, volute, spirals &c. cannot be drawn by tile bow pencils 
' or compskses. These curves are draw/! by finding a number of 
points ni them anil then tracing the curve through these points 
freehand or with the help of curved pieces called French curves. 

( Some of these curves, ellipse, parbola and hyperbola are 
conic sections. A conic section is obtained by intersecting a 
cone by a plane. 

The five different sections of cone are 'Fig. 193. 

1. A triangle is obtained when 
the cone is cut by a plane passing 
through its axis asJlFG. 

2. A Circle, when the section 
plane passes at right angles to the 
axis EO of the cone as at A. 

3. An el(/>se , when the section 
plane cuts the cone obliquely with¬ 
out intersecting file-lose i. e. when 
the inclination of the section plane 
with thy horizontal plane is less 
than the angle which the.slant side 
makes with the base of the cone as 
at B. 

Like the circular 1 section it is a ' 1 ® 3 . * 

completely bounded curve. ' 

4 A parabola , when the sectional.plane Is equtlly inclined 
with the slant side of,the confc or is parallel to the generator. 
It cuts one side of the cone and the base. 'It is an open curve 
bounded on one side as at C. , '' ' , ' 

( 5. A hyperbola, when the sectional plane ,is iijqjined at a 
greater angle than the angle at the base of the cone or 
eventually is parallel to the axis of tine cone. .Th^hyperbola 
cuts the two equal and opposite cohes and consequetfciy 
it has two branches which extend in opposite directitjhij,, Like 
parabola it is an open curVe. ■ * 
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AB and CD, two 


The double cone is/ormed thus : — Let 
straight lines, intersect V. Let CD 
revolve round A 13 which stands vertical, 
the inclination td each other and the point, 
of intersection V remaunpg fixed. The 
two equal and opposite right circular 
cones will be generated. ATS is called the 
axis, CD the geneiator aitd V r the vertex 
Tig. 194. 

The construction <jf these curves will 
be better understood if we regard them 
as being traced by a point moving on a 
plan* surface according to some fixed law 
as in the circle the uloving point always 
keeps the same distance from a fixed 
point, the centre of the circle. 

A cimic ser.tTon is the curve desciibed 
by a point which moves in a plane in such a manner that its 
distance fro.fi a fixed p unt in the nlane, which is the focus of the 
curve, is in a constant ratio to its distance from a fixed line 



in the plane, called the directrix. Fig 
Tel V be* the 
vertex and VR 
the axis of a hol¬ 
low cone. 1 )NP 
represents a sec¬ 
tion plane cutting 
the cone in FAQ. 

Let a sphere 
centre 1, be in¬ 
scribed in the 
cone so .as to 
touch the plane 
at T. This sphere 
touches the cone 
in a circle, the 
plane of wnich is 
perpendicular to 
the.nxis. l£t this 
p|ane inter,‘■ect Ahe 
section plaice in 

•ON. ,88 
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, GEOMETRICAL DRAWING. 


Select any point P on the curve PAQ. • Drop PM perpetl- 
di'cular' to the plane HK meeting it on I.I. Draw PN perpendi¬ 
cular Vo DN. Join P 7 cutting the horir.onta! circle HK in L. 
Join PF, ML and MN. The mangles LMP and NMP would 
appear if drawn on one plane as LNP (Fig. 196.) 


PM is prependroular to the plane HK tlrerefotc it is prepen- 
dicular to ML and MN'drawn in the plane and 
f meeting PM in M. The line PL is on the sur¬ 
face' of the cone which ends at V, the vertex there¬ 
fore it is a slant side of the cone and PM is par¬ 
allel (n VK the axis therefore the angle LPM is 
equal to half the vertical angle of the cone. 
Therefore the angle PLM< r-s equal to the com- 
plemint of half the vertical angle of the cone 
and is therefore constant for any position of P, 
hence the ratio PL : PM is Constant. 



Again 'PN : PM is constant as the angle PNM is Constant i. e. 
thqangle between the sectional plane and the horizontal plane HK. 


Therefore the ratio PL : PN is constant. 

' But PL = rtijangents to the same sphere from a point P 
hence the ratio Pp. 1 ,’N is constant i. e the distance from the 
focus : the distance from the directrix is constant. 


This 


PF. 


ratio ——is called the eccentricity of the conic 
PN \ 


section. 


The point F is cabled a focus and the line 1 ‘iN is a diflectrix. 

* l • 

When PL or PF (Fig. 195)15 less than PN 1. e / nor 
/PNM is less than / R or / PLM i. » whpn the Single of the 
section plane with the horizontaPis less than the angle which the 
slant side of the cone makes with the, horizontal, the section 
is an ellipse. When PL= P1)J i .e ,/n— th; section is a 
parabola and when PL is greater than 1 PN ,ie ^ayigle, tf. is greater 

than ZOtbe section is a hyperbola. 

* 

* 

The ellipse and its properties :— « 

c , t . r * 1 
The ellipse nas two foci anfi two f directrices. The longest 

diameter Of the ellipse is called the^rarisverse t^iameter or the 
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major axis, the shortest ^diameter is called the conjugate 


meter 'or the minor axis-^ 
The two diameters bisect 
each other* at rigtit angles 
which is called the centre. • 
(C in fig. 1 79 ) .. p i 

In any ellipse the' sum,A 
of the focal dtstances from 
a point in the curve is 
constant and equal tif the 
major axis (AA' in fig. 
‘ 97 )-. 



197 . 


Given A A' the major axis 
ellipse to find out the two 
foci. Plice the fXo axis bisect¬ 
ing each other at C. With B 
or B'as centit and CA orC 
A' i. f., hal/ the major axis as 
radius describe arcs cutting the 
major axis AA' in F and F' _ 
which are the required foci. A 
Fig. 198. 


and BB' the minor axis of an 

>}Cb 



Given the major axis and the 
foci of an ellipse 10 determine 
the minor axis. Let A A’ l)e 
the major axis and F«nd, F' 
be the £wo foci. Bisect A A' in 
C. With F and F' as feptjes and jradius CA or half the major 
axis desciibe arcs cutting each other in B and B'. Join BB' which 
is the minor ifcds. Fig. 193 

I * $ 

137. Given th? principal axis of an ellipse to oons- 
trupt the ellipse rpechp.nioally. Fig. 199. * 

ft) Pl%ce thejwo axis A* A' add 4 B' bisecting each other 
at right angles. ‘ Take a slip of # paper with one edge straight 
and set off on, this edge the,distance CD equal to half the major* 
axis Jlnd the distance CE equal to half the minor axis. Place 
tho strip ih’Sucdhssive*portions with the poiqts and 'D on the 
major and minor axis .respftctively»and mark the corresponding 
position of C wjjtcb will he points on the curve of the ellipse 


>P' 
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* (2\ Find F and F' the two foci of tfje ellipse (Fig. 197). Fn 
two pins on the two foci 
and take a piece of thread 
'little longer than AA’. Tie 
one end of the string on the 
pin at F and the other end 
on pin at F' in such" a way 
that the loose portion shall 
exactly 1 be equal to AA'. 

Ey placing the point of a 
pencil inside the thread 
at 1’ or and keeping it 
drawn tight, the pencil on 
being moved would trace 
the ellipse. . 



J 38. To draw an ellipse, the diameters being jSjiven. 
By means, of intersecting arcs. Fig. 200. t 

Find F and F' the two foci. C, the centre ot the ellipse where 

the two diameters intersect. 

Take points ‘between one 
■of the foci and (* Jirxt close 
to the focus thenfiiriier 
apart as t, 2, $ and 4 bet¬ 
ween F and C. From F 
and F' as centres and with 
radii At and A't, A2 and 
A'a, A3 and .V'3, A.; and 
A'4 draw arcs intersecting 
on each side of A A'. « 200 . 

Through these points draw , < ‘ 

a curve free hand which.is the ctfrve of the ellipse. 



3 


139. The same by xaeuns of intersecting ordinates. 
Fig. 201 • • ■ * 

• With C as centre and half the ma, ; or axis as ( , radius drav a 
circle and from the same centre and with.*tialf thj minot 4 ax& as 
radius draw another circlr inside ‘the first. Take points in the 
circumference of the smaller circle as f-, 2,‘3 f^ic Ci, ('.2 Cj 
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an A produce them to meet the outer circumference in i', 2 ',3' &c. 

1 t . * 

Krom the points in the smal¬ 
ler circle draw lines parallel 
to AA' the major axis and^ 
from the points in the outer 
circle draw lines parallel to 
BIS', the minor axis to meet 
the corresponding lirn^s first 
drawn parallel to A A'. The 
points of intersection are 
points in the curve pf the 
ellipse which can be drawn 
by joining therajree hand. , 2 qj 



140, ,The same by means of intersecting lines. 
Fig, 202. 

Draw the lines AA' and BE', bisecting each ‘other at right 
angles at C. Draw 1 )E and 

t,, A A ' t Urni.rik 

1 
2 
31 







F(! parallel to AA' through 
B and B' and draw DF and 
EG parallel to BB' through 
A and A'. Divide AV and 
AC intjr the samejrunjber of 
equal parts say four, simi¬ 
larly divide A C and A'E each 
into 4 equal parts. ‘Number 
• these divisions from ‘A* and 
A'each way similarly# Join 
B with the points in •Ar/atid > < 

A'E and joii\ B' with tjie points in *a£ and A'C and produce 
them to meet the corresponding lines drawn from B i.e. B't^ 
meejBr^B'f mfcet B2 SfC.' The points thus obtained are on the 
curve-of elffpse^hicb will be drawn half by .joining tlfem. The 
lower curve cin ^imilail^ be drawrf by dividing AF ^ndJi'G. 
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141. To construct an 
oY circles when the major 
2C3. u 


' ( 

elliptic figure by means of arcs 
and ruinbr axes are given. Fig. 



203 


Let A A’ and JjB' bisec 1 
( each other at right angles 
at C. From one end o 
A A'take a« distance equa 
4 o the minor axis as A'D 
Divide DA the remaining 
portion of the major axis 
into 3 equal parts in E 
and F. Take 2 of these 
parts, DF as radius and 
fromiC as centre draw arcs 
cutting A'A in 0 and H. 
With G and H as centres 
and with GH as, radius 
draw arcs intersecting each 
other in K And L Join 


LG, LH, KG, and KH and produce them. From K. j»nd L as 
centres and with KB and LB 1 respectively as radii draw arcs to 
meet KG and KH, LG and LH produced in P andO and M and 
-N respectively.* jjrom G and H as centres and with radius GA 
or HA’ draw arcscorfrpleting the ellipse. 



1 Let AB be the major axis. 
Draw J\C at an angle of 15 0 
and BC’at ^S 3 with from 
thfc 'I'Ao ends of AB and 
meeting ip C. -Draw AD at 
an "angle 0160^ with AC and < 
. equal tq it. From C and D 
* draw • liqes parallel to, AD 
dnd AC respectively to,com- 
plete the 'rhomtMs A DEC. 
Bisect AC, Ali, EC ED in 
F,‘H, G andi K<* respectively. 
Join ,‘DF, D£ and.’CH'CK 
intersecting in L'and M.• With Has ecentre and pF as radius 
draw an art FG and with C as centre «'at*d CH as,, radius draw an 
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arc, HK. Complete tile ends with L and M ai centres and LF and 
AJG fs radii. ' * • ' ' 

•> > i ■ 

143. To draw an ellipse to pass through three given 

points A, B and C by joining which a triangle mtly bo 
formed. Fig. 205. • 

Let ABC i*e the,three 
given points, Join ACj 
B isect AC id D, Join BD 
and produce it to H mak¬ 
ing DH=BD. Through 
A and C draw AE and CF 
parallel to BDand through 
B draw EBF parallel to 
AC. Divide AD, AE and 
CD, CF into any number 
of equal parts tay 4. Pro¬ 
ceed like problem 140 to 
obtain point's on the curve 
of the ellipse. 

144. To find the centre, axes and fooi of "a given 

ellipse. Fig. 208. * 

Draw any two parallel 
chords in the ellipse as 
AB and CD. Bisect them 
in E and F. Join EF and , 
produce it both ways to 
meet*he ellipse. • The 
line passing through. E. 
and F is a diameter!/. it 
passes through the <;^ntri 
of the ellipse. Bisect it at 
O. _ Then O is the cfcnjre. 

WitJj O as centre add wit"h , 
a convenient radius $raw* 
an arc cutting the ellipse in 
Drjw lines apamllel to KO and GH through 0 which are the 
axds of Uvjellipse. ^Tfe foci can be found by inte/sectiog the 
major axis with arcs" frofti,one. end of the ■minor axis as centre 
£nd half the*qj»jor axis l aA j radius.‘ 
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145'. To draw a tangent! and a normal to an ellify/e 
from given points in the curve. ,Fi&. 207. 

f • i < 



Let P and Q be two 
points on the ellipse. Find 
the axis and the foci F and 
F'. Join tnp foci with P 
and (>. Produce F'P to K 
and bisect tl\e angle EPF 
by the line GPH which is 
the tangent to the curve at 
P. The normal at P is the 
line which is perpendicular 
to the tangent GPH it P. 
The tibrmal can also be 
found thus : — Produce FQ 
and F'O, the line which 


bisects the outer angle thus formed is normal to the curve at Q. 

■ n 


The Pnrahola. 

146. To construct a parabola, an abscissa and a base 
or double ordinWVhsjng given. JFig. 208. 


* Let AB 6e the abscissa and CBD be the base or double 



»OB. 


ordinate. Complete the rectangle 
EFCO. 1 Divide bC the ordinate 
into any number of equal pajjts say 
5 parts. Divide CF into the same 
number bf" equal parts and join A, 
the vertex with the divirions in CF. 
Nuyiber tbe ‘points from C both 
wayaalong CF,and CB. From the 
divisions i»,*CB draw lines parallel 
ts AB alyl where these lines inter¬ 
sect the corrfcspondin.g‘ ’lines from 
A to the points in CF are the pojnts 
in the curvp of paribdTa. Repeat 
the operatish on the'othir' side to 
co‘mplete'ih<j curve. 
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' ,147. To find points for drawing ap&raboia the focus 
F and the directrix CD being given. Fig, 209., ’ • 


Draw the l-ne EFD 
through F perpendicular to C 
CB, the directrix which will* 
be the axis. Bisect FD in 
A which will be the vertex, 
of the curve* Take any 
points a, 1), c, d, e in the 
axis and draw perpendicu¬ 
lars through them. From d 
F as 4 centre, mark off on 
the perpendiculars, respect¬ 
ively up and down, with 
radii equal to all, bD, cD, 
dl), el)'. The-points thus 
formed are points on the 
parabola. Join the points Q 
and complete the curve through 



148 To draw a tangent and normal to a p&rabola 
at a given point P. Fig. 210. ' 


Join FP. From P 
draw PN perpendicular 
to the axis. Set off FT 
on the axis produced 
and nfeke AT=AN ‘ or 
FT = FP. Join TP then' 
TP is the tifngent'at P 
Or from P draw PM per¬ 
pendicular toCB. Bisect i 
the * angle, FPM Joy PT 
which is the tangent. 
Dr.^w PG perpendicular 
to PT tilt*tan^ent then', 
PG is the normal. 



. 1 tia 
* 
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PVoperties of the para bold' 

« " . . < 

, The following , properties of pgrabola, are given ' hele 
for the convenience of students for solutions of problems. 
*Fig. no. 

1. The tangent PT bisects the ithgle FPM. 

2. A line from the focus perpendiculfr to S’tangent meets 
the lattef. at a point where the tangent sit the vertex meets it. 

3- ‘ Draw Plf perpendicular to the axis then AT = AN. 

4- Through the focus draw the dtfhble ordinate LFL 
Vhich is called the latus rectum and it is equal to 4 AF, 

5. PG is drafcn perpendicular to TP i. e. it is the normal 
atP. The length of the subnormal NG=Jrf,L' = 2 AF=FD. 

6. The area *bf the figure ALPNA is two thirds the 
circumscribing rectangle AYXPN. 


The hyperbola. 

149 . To construct an hyperbola, the diameter, an 
absoissa and an ordinate beiDjr given Fig. 2 T 1 . 

Let AB be rtresdiljneter, CD an ordinate and BD, abscissa. 

Through B draw a line 
parallel to CD and com¬ 
plete the rectangles on both 
'sides, of BD. Place AB 
and B,D it} thesamestraight 
line ie. produce DB to A 
an‘d make the produced 
portion equal <0 AB. 

Div’de CD and CE into 
the satne number of equal 
, palrts srfy 4. » Numberjthe 
points each wajr from C. 
The 3ivisions‘on CD the 
rydinate is jo Jje joined to 
A awd those on CE, tdtB. 
* ? Il, » , The intersedionVof corres¬ 

ponding hses give the pofnts ori the hyperbola. 




Let F be the'ibcus, CI) 0 the directrix and A the vertex. 
Join FA and produce it both trays, At A draw AE perpendicular 
to AF and riyike AE —' AF. D is the point where' FA produced 
me&ts the directrix. Jp!n Dlir aAd produce it. Take any 
number of-points dn the axis as i, 2, F, 3 and 4 and through 
thfse points draw lines perpendicular to the axis both up at)d 
dt^rn .me^linSt DE produced in x, 2, f, 3 and 4. From centre 
F with'fadii *1 i, 7 a, F/, 33,44 intersect the double ordinates 
through 1, t, f, 3 and 4 respectively. *The poihts thus obtained 
• are on the h;^Jerbola. » AF> AD. 
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151. To drawva rectangular hype'rbola as used by 
engineers. ,Fig. 213. . * 

Lit AB and AC rtiprescnt two axis &nd E the vertex of the 



2 J£\ 


curve. ('omplete* the rect¬ 
angle ABDC. lake an> 
number of joints between 
E and 1) as 1*2, 3, 4, 5, 6,7 
afid 8. Draw a line from E 
parallel to CA. Join the 
points „r, 2, 3, 4, 5, 6, 7, 8 
and D with A intersecting 
the line from E in 1, 2, 3, 4. 
5, 6, 7, 8, 9. Through “the 
two sA«i of points in ED 
and E9 draw lines parallel 
to AB and AO. They 
intersect m points Which 
joined will give the rect¬ 
angular hyperbola. 


162. To draw a tangent and a normal to the curve of 
hyperbola. Fig. 212 

■ Let P be a i^tigt on the hyperbola. Join PF. Draw IT 
perpendicular to FP me'&ting the directrix in T. join TP then 
TP' is a tangenp Draw PG perpendicular to TP at P then PG 
is the ndrir.al. 

Make the angle TPH equal to the angle KPT The line PH 
produced meets the axis produced in a point’ which is the focus 
of the other branch of*ihe curve. AF>AD‘ * 

» « » I 

163. Properties of hyperbola. Pig;, 21-J. 

Hyperbola has many closely allied relations to ellipse. 
Like the ellipst hyperbola has two axes, tya fofi, two directrices 
anti a centre. 

•i. Let A A'be the major axjs. Bisect’it at C,* ‘then C is 
the centre. Through C draw *BCB'.perpendicular to AA'. 
BCB' is the minor axis in length less than AA' the major a»xis. t 
a. Dra*w lines parallel to AA'.and KB' through \ A' ’B," 
and B 1 . Xqjn llje dioganaft ED'and E’O^of the rectangle thus 
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formed,. Produce Kie two diagonals both ways. They are 
called the asymptotes to the curve 'Asymptotes are lines which, 
as khey recede to infinity with a curve, approach nearer and nearer 
"fo tha latter without limit, but never actually coincide wxth it. 

3. In the ellipse the silm of the Steal radii is equal to the 

transverse or major axis, in the hyperbola the difference of the 
focal radii is equal tb the major axis, " 

4. The distances of the foci from the centre G is equal to 
the diagonals CD or CE 

5. In the ellipse the normal bisects the angle between the 

two focal radii, in the hyperbola the tangent bisects the focal 
radii. ‘ ,, 

6 . Take any point Q on the byperbohf,<draw lines parallel 
to the asymptotes frrfm it meeting them in M and N. Then 
QMxQN is constant, an important property of hyperbola. 

■ EXERCISE ON CHAPTER XII. „ 

‘ 1, The foci of an ellipse are 2|* apart and the major kxii is 
long Dr^w the ellipse and draw a tangent from any point on the curve. 

2. Draw a”parabola by intersecting line?, axis, 1A", double ordinate, 

n*. 

3. With a diameter's* 4 # , an ordinate 1*8* ami an abscissa I 4*, 
construct a hyperbola. 

4. Draw a rectanglo 2*75 # X2 # and inscribe an ellipse within it. 

5. Draw a rectangle 3" x2' and let t\yo adjacent sides represent the 

axes of a rectangular hypertyda. Measure 1/2 an .inch from one corner 
on one of its longer edges and let this point*represent the vertex of the 
curve. Complete the hypwbola. ' * 

6. The transverse axis of a iiyperbolfi 'is and the distance be¬ 

tween the foci is 2 {“. Determine the conjugate'axis, the^-asymptotes 
and draw a portion of the curve. « f , 

7. Draw any parallelogram, anf| # in it inscribe a parabola which 

touches one sid«\as its middle point, and passes thro'ugh the ends of the 
opposite side. Determine the latus rectum, ^ , 

8. Draw the tangent and £ne normal at a point o,n an ell\oae and on 
a patubola. 

e 9. Draw an ellipso to pas3 through threq given points. ^ . 

10. Draw an ellipse given one axis and a point on the curv.s of Ihe 

ellipse. ' 1 ; 0 # » ' * *’ ' 

11. Oivon the two foci 1 of an 1 ellipse the sum of 6he distances 
of % point in the curve from the two foci, Cdjsttuct the 61/ipse. 
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153 To construct an oval or egg shaped figure the 
width being given. Pig. 215. 


Let AB he the ^iven width. 
Bisect AB at C. Draw a circle 
on AB as diameter. Though C 
draw" DCE perpendicular to AB 
meeting the circle .if D and E. 
Join AE and BE and produce 
them indefinitely. With centres 
A and B and radius AB describe 
arcs meetinjr AE and BE pro¬ 
duced in G 'and F respectively. 
With E asncentre and radius EF, 
or EG complete the figure. 



154. To construct an oval when the bpight and tjje 
width are given. Pig. 216. 

ist. AB the width 
and CD the height, 
are gi^en. Bisect AH 


at 0. Place CD at 
right angles to AB 
through O ; A the por- 
tion OC = OA or Oil. 
With O as centre and 
OA as radius ,drav a 1 • 
semforcle.. D is, the 
lowest point of the 
egg,shaped figure. 


M 4 


^ A 

F "I 

\0 Q .. 

B. K 1 


1 V " r r 1 

\ 1 
- \ 1 

, 

I / 

1 / - 

n 

V 


'Bisect AO o at F an’d OB fttG. Take DE^J AI^. Join FE 
and GE. Bisect FE'and’GE at H andi. Draw 11K and IN per¬ 
pendiculars tb fE and,G £ meeting AB produced iv.«N and K 
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With {I and K as Centres and radius J 4 B or KA draw arcsodll 
tfiey meet tHe lines KK and Nli produced. Complete the ourves 
with'lv as centre and* JCD as radius. 1 

■ ‘end. Take AM and BL each equal to At)'on both sides of 
AB produced Join ME and J,E. lAVith M and L as centres 
and. M ‘1 and I,A as radii draw arcs till they meet ME and EE 
produced. Complete the curve with E as centre and Ellas 
radius. * ‘ t 

l65. To bonstruot a spiral of any number of revolu¬ 
tions. Fig. ‘^171 

' rst Archimedean spiral 
Draw a circle 1 and 
divide it by radii into a 
number of equal parts 
say 12 as 1, 2, 3, 4 , 5 > ( > 

&c Divide the radius 
NokI into 12 equal pails 
and number them as a. 

/>,/. etc. Eet 0 be the 
centre of the circle. With 
centre 0 and. radius, oa 
mark on radius'No. 2, a'. 

With radius ob 'tark ^rn 
rjdius No. 3, ,,h'. With 
radius pc niatk on radi¬ 
us No 4, c' and so on ■ 
till the 12 divisions are 
finished. Join the poinfs 
0, a', r', d', &c. thus 

found by a fair curve 
which is the spiral. ' ■ I 

156 To draw a pommon spiral of five revolutions on ' 
a given diameter AB by meads of eemitirclee Fig. 218. 

' Divide AB into 10 equal part!.. Bisect on’e of theitwo 
middle divisions say the 6th from A in 0 ■ Lift the divisions be 
pamed from the left as AC, CD, DE, Eh, Mi, GH, HSC, KL, 
LM, MB. ", ■ • , i 

Draw s senncirqle on GH the sixth,' division' Then draw, a 
semicircle on l 4 l (2 divisions), on th^, opposite sjfle of the ist 
synicireldl Then draw a semicircle <oivFK on'jtha same side 


‘ r 
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as tie ist semicircle, tfien draw a semicircle oA EK on the other 
side, then a semicircle 1 • r ’ 


on EL, then on LD, 
then on PM, then on 
MC, then on CB, then 
on AB to continue the 
spiral. It will'lie seen 
that the centre for the 
upper semicircles is 0 
and for the lower semi¬ 
circles, the point G. 
The upper semicircles 
are on odd number of 
parts and the lower outs 
are on the even number 
of parts. _ 



157. To draw a spiral adopted to the volute of an 
Ionic Colurpn. Pig. 210. 

Let the height of the volute be given as AB. Divide the 
given height into 8 equal 
parts. Bisect the 4th part 
in the point C and from it 
draw a line perpendicular 
to AB and towards the left 
of it for the right volute. 

Make this line equal in 
length to four of the divi-, 
sions os AB which.willgive 
0 the eye of the volqt^. , 

With O as centre dra^ a 
circle with radius equal to, 

> 'C4. Inscribe a square in 
this circle and bisect'each 
of its^sides in j, 2, J and 
4. join tbps.e po’pis and > 

.draw diagoifals. Divide 
each semi-diagonal into 3 equal parts and join them, thus making, 
two r^ore.squares inside the other. The corner of each of these 
squares in ^uctession if ' the centre of each of the’quadrants 
commencing from the left tipper corners of the outer inscribed 
square which ^numbered * 1, then proceed right hand:* Finish 

a ‘ 


£ 18 . 
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( the (our corners ot the outer square, t|ien commence from the left 
upper corher of the 2nd square ind so on. The curve rilliturn 
from the right to tfie left for the right volute and from the left 
to Ahe right for the left volute in which case the line.CO is to be 
drawn to the right of AB. The eye is drawn enlargd in the 
figure in the corner, points numbered for the left volute. 

1§8. To draw the involute of a circle. Also to draw* 
a tapgent to Vie curve at any given point. 'Fig. 220. 


If a perfectly flexible thread be unround from the circum¬ 
ference of a circle and kept constantly stretched, the extremity 
of the thread describes a curve known as the involute of a circle. 


Let AP be the circle, and P the generating point. Draw 
the diame'ter AP. At A draw the 
tangent AB. Make AB=semi- 
circumference erf the cir/rle (prob. 
116). Divide AB and the semi¬ 
circumference itt'o the same 
number of equal parts, say 6. 
Number the divisionsof the semi¬ 
circle as x, 2, 3,.,4, &c. and also 
number the divisions in AB simi¬ 
larly. Draw tangents to the circle 
at points 1, 2, 3, 4 &c. Make 
iC=Ai, 2D=A2, 3E=A3 and 
so on. To obtain points beyond 
B proceed in the same manner 
and tak£ lengths on the tangents 
=n times a divison 'on AB 
acdofdi'ng to the number of the 
tangent: , f 



To draw a tangent from, a point iq the involute curve 
Draw a lirie from the point tangential,*0 th? circle AP, the tangent 
is perpendicular to this Hue... 1 1 1 * 1 

“ The curves of Cycloid, Epicycloid ancf Hypoiycloid. The 
. curve described by a point on the circumference of a circle, which 
rolls (1) on a straight line in a ’plane is iallSd the (\cloid, 
(2) when it rolls externally on the circttmferene <jf another, circle 
the curve is called Epicycloid a'nd (3) when it rojls internally on 
, the circumference of another circle it is cSflled I|ypocycloid, , 
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The moving circle is called the generating circle. •Th(v 
line or' circle on which the generating circle rolls is called,the 
director or base and the- point on the circle tracing the curve is 
called the generator. - 


159. To d"AW the curve of Cycloid. Pig. 221. 



Let AB l>e the director. PD, the generating ‘circle, the point 
P, the generator. Let D be the poidt where the generating circle 
touches toe director AB. Draw the diameter DP and bisect it at 
C. Through C thecentre of the circle draw a line parallel to AB. 
Make AD and DB each equal to half the circumference of the 
generating circle either equal to 3} CD or by pi-ohem 116. Divide 
the circle into 12 equal parts and divide me line ADB also into 
12 equal parts. Draw lines from the points in AB perpendicular 
to it to meet the line through C dividing it into <2 equal parts. 
Through the points in the circumference draw lines parallel to AB. 
Number the points from D to P and similarly from C to the 
right on the line passing through it, say 5, 4, 3, 2 and 1 in both 
the generating circle and tl;e line. With centre 5 in the middle 
lineand radius equal to CP intersect the line through point 1 in the 
fircumference. Similarly .vith point 4 as centre intersect the line 
‘through 2 and so on. Joining tnese points the right half of the 
cycloid is obtained when the generating circle rolls from D to B. 
The Mt half is Similarly drawn. J 

* 160.. To draw a tangent to the curve of Cycloid 

Fig. J21. - 

• Take hay point R in the curve. Draw RK parallel to AB 
meeting the circumference o ' the generating circle in K. Join PK, 
Through R drat a line parallel to PK which will.be the tangent. 
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161. To di4w the curves ofrthe Epicycloid and the 
Hypocycloid. P^g. 222. _ <■ « 



Let AB be the director which is a (>ah of a circle. Let PD be 
the external generating circle with ^oin't P. as thl generator and 
P'D be the internal generating circle* "with point P' as the 
generator. The external point T will trace,the curve epicycloid and 
, theinternaf point P' will trace the cum: 'hypetcycloid. Let C and C' 
be the centres of the two generating 1 circles. Take lengths from D t 
on the director both ways equal to the simi-circufltference of the 
, generating circle as D A and 'OB Divide the circumference of 
the generating circle and the director'Al? into it efjua 1 parig com¬ 
mencing * from D, half the number o^the/ightoand* f'alf, or) the. 
left. < - ' V * <• 

. Draw arcs of circles through Cttnd C' frotfilO, the centre* of 
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the Birector and join the points of division in tlye director With the 
centre and produce ; these line 1 ) will give points of division on the. 
arcs’of circles through C and C'. From the points of division on, 
the generating circles draw arcs parallel to the director. Intersect 
these arcs by arcs drawn from the points in the circles through C 
and C' with the radius of the generating circle. The upper points 
are the points for the epicycloid and the lower points, for the 
hypocycloid. * " 

162. To determine the tangent and l!iie norm&l at 
any point E on the (tpicycloid or the hypocycloid. 

Take any point R on the curve ; with R as centre and with ‘ 
the ra/iius of the generating circle intersect the arc passing 
through C at C'\ Thij is the position of the rolling circle when 
the tracing point is at R. With C" as centre and with radius CP 
draw a circle passing through R. Find the point of contact of 
this circle with ’the director which is N. Join NR which is the 
normal to the curve. Draw RT perpendicular to NR at R wbjch 
’ is the tangent. The tangent and_ the normal is shown on the 
epicycloid. ( The construction is the same for both the epicycloid 
and the Hypocycloid. 



CHAPTER XIV. ‘ 

ARCH E6. 

The curves oi' arches used for Engenebring works are all arcs 
of circles eith^j drawn from one centre or frorq more than one 
centre. 

Explanation of terms. Fig. 223. * 

The clear distance from wall to wall on which the arch 
stands is called the span of the arch as AB. Fig. 223. 

The points from which the arch springs is tended the ’ 
springing points and the line which joins the side of the wall with ■ 
the lower face of the arch is the springing line. 

The walls on which the arch stands or rests arc the abut¬ 
ments. 

The line drawn from the middle of AB the span and perpen- ^ 
dicular to it to meet the lover face of the arch' (as DC in the * 
figure) is the height or the rise of the arch. 

The point where the height of the arch meets the lower face 
of the arch as C in the fig. is calld the crown of the arch. 

The inner face ACB is the intrados or soffit of the arch. It 
is the concave surface of the arch. 

The out.r face FEG is the extrados or back of the arch, the 
convex surface of it. 

A portion of the arch near the springing is called the haunch 
of the arch. It is neady a third of the arch from each springing. 

The stone at *be crown of the arch h th. key stone 

The triangular open spa"e between jhe hack of the arch and 
the horizontal tangential line through E the top of the arch is 
called the spandril^space, si in the fig. ; ' 

The span and nseef all arches are given to draw the arches:— 

. 103. To construct; a semi-oiiefbler arch when it is 

tilted 0". Pig. 224. - ‘ * 

" Let AB be the span, praw CD a line parallel to AB and 
6 inches above it. Through A and B, draw lines perpendicular to 
AB meeting CD in C and D. Bisect CD and draw a serrf circle 
on it Then the arch ACEDB is the 1 tilted sfemi-ciicular arch, 
often used in verandah openings wl en mouldings project at A 
andB. ~ ' ’ 
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464. To construct a segnlental arch.^Fig. 225. • 

LetiAB be the span anci DC the rise. Place DC at right'' 
angles to AB at its middfe point. Join Ati and BC. Bisfect' 
AC and BC .at E add F and from E and F draw EO and fO 
perpendiculars to AC and^CB meeting at O which is the 
centre of the circle. With O as centre and OA as radius 
draw the soffit "8f th* arch ACB. From A and B draw radial 
lines AG and BH and maie them equal to the thickness of 
the arch. AG ’and BH are the springing line* ,of the arch. 
With O as centre ar^d OG as radius draw. thy extrados of 
the arch. 

• 16,6. To construct an equilateral Go’thic aroh. Fig. 
226. Here only the sipn AB is given. 

Bisect AB at D and draw DC perpendicular to AB. With 
A as centre and AB as radius draw the arc BC meeting the 
line'DC 1 in C. ” With B as centre and BA as radius draw the 
arc AC. It is the simplest form of Gothic arch. ' . < 

1 s 

166. Tp draw the lancet arch when only the span is 
given. When the height of the Gothic arch is more than 
the span or egual to it, it is called the lancet. Fig. 237. 

Let AB be the span. Bisect AB at D; hnd produce 
AB both ways. With A and B as centres' aiid half of AB as 
radius draw semicircles cutting AB produced in., E and F, 
With E and F as centres and radii EB and FA draw, arcs 
meeting each other at C. * 

167. To draw tits lancet arch -When both the span 
and the rise are give’n. Fig. 228. 

» • * * 

Let AB he the §pan and DC the rise. Place DC 
perpendicular' to AB frojn its middle point. Join AC and 
*CB. Bisect AC and’CB at G end H and from G and H 
draw lines perpendiculars to AC and BCf to meet A]i produced 
in F and E. J’hen' F’atid, E are the centres and FA and, 

* EB are the jadii respectively! • ' * 

. ’• * 

168. ’ To construct 8j four’centered Gothic aroh. Fig., 
229. t He»e Saly the span is given. 

* iSt meth’od.'Let AB b'i the span. Divide AB injo 4 e’qual parts 
in E,D and F.‘^t Aind B draw AG and BH perpendiculars to AB 
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and irtake them epual to it. Join G with F the 2nd point frqA B 
end produce and join H with E.thd 2nd point from A and 
produce. E. F. H*and G are the four centres. With *E and 
F as centres and with EA and FB as radii dtpw arcs till they 
met?t the lines HE and, GF produced in K. and L. With G 
and H as centres and radii equal tt> GL and HK finish the 
remaining portion of the curve. 

and method. If less height is required for the arch divide the 
span<nto 6 oo ?or more equal parts and draw'perpendiculars 
from the 2nd points from the two ends anij make them equal to 
the span. Join the feet of the perpendiculars with their tops in the 
opposite directions, and produce and draw the arch like the 
preceedmg one. Fig. 230, > 

3rd method, ^he four centres may be obtained thus. On the 
middle two divisions draw an equilateral triangleijownwards and 
produce the sides downwards and obtain anothertqual equilateral 
trijingle with ijy base, downwards. The two corners of the 
base of 'this lower Triangle and the two 2nd points from the 
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106. ‘To oonstffot a semi elliptic arch. Pig. 232. 

The span and the height are given. * 

Let AB be the ppan and DC the rise. Join 4 C. Take CE 
*»jual td the difference of the two semi axes i.e. AD-DC and bisect 
the remainder EA at F. From F draw FG perpendicular to AC 
meeting AB in G and produce it to meet CD ppjduced j n o. 
Take DH = DG. Join OH and produce. Then G, H and O are 
'the three^&ntres, ^VVith G as centre anu GA as r.adius draw 
the arc AK mebttng OG produced in K and with O as centre 
and OK as raditfj draw the arc KC. Fitf.sh the remaining 
pSrtion similarly. 

170. To construct a horse shoe or Moorish ar6h. 

Pig 233. ' . 

1 

When the arc of the arch is more than a semi-circle it is 
called a horse shoe or Moorish arch. AB is the span DC the 
rise. ^Take O in J>C so that OC will be more than AD the half 
span. With O as centre and OC as radius draw the aro,ACB. 

171. To construct an Ogee aroh when the sphn' and 

the heigh/ is given. Pig. 234. ( 

, The height ‘of the Ogee arch is always more than half the 
span. d ' „ 

*Let AB be (be span and DC the height. Join CA and CB 
Bisect CA and CB in E and F. Bisect AE and BF in G and H. 
Draw GK and HL perpendiculars to A.E and BF meeting AB in 
K and L. Through C draw a line parallel to AB. Bisect EC 
and FC in P and M. Draw PQ and MN perpendiculars, then Q 
and N are the two centres for tha upper pcytuon and K and L, 
two centres for the lower portion of the arch., 

172. To oonatruot .the pointed trefoil’ arch. Pigs. 236 

and 236. , ’ • 

• • > 

' Let AB be the span and ; 3 Q the rise which should be neatly 
equal to the span, may be little less or' mose. 'JoiryAC, BC, 
Divide AC and BC each to if equal parts. Join the middle 
parts E and F. ‘ 

The construction is plain from the figure. , 
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* • 
Drawing: Test Examination Questions for admission • 
* ‘ to the Engineer, Class. , ( 

(Ftfie questions are 'usually required 'to be answered in three 
* hours apd drawing, to be executed in bold pencil lines.) , 

1923.—Print the word “Builders” int- plain block J inch high ; 
and write the following sentence in italics:—“By(,.means of a 
sextant the Surveyor found the angle DAB to be 25° 

1925.—Draw ^triangle in which the sides are fn the ratio 
3 : 4; 6, the longest side to be 3 inches long. t 

k 1923.—Draw an octagon each side of which measures one 
inch. Enlarge the figure so that one side of the octagon on the 
enlarged drawing may represent three fept to a scale of 
1 inch - 1 ft , 

1923.—An arch for a bridge spanning a river 90. feet wide i s 
to be a semi-ellipse. The trown of the arch is to be 2J feet 
above*the normal level of-Che riverfi.e half minor axis=2S feet). 
Draw the outline of the arch tw a scale of 20 feet tcf the inch. 
(Span “ majo/ axis). Also draw normals to the outline at 
intervals of 20 feet. 

• • 

1922.—Print*the word “Section” in plain block j ” high. 

Write the following in italics:— 

“The art of‘any craft, such as carpentry, can only be learnt 
in one way, by actually handling the tools. No amount of study 
will ever help a man to make a mortise antj tenon joint. This 
can only be learnt Ijy doing.” 

1922.—Determine of 2 inches by cneans of a diagonal 

scale. 

1922,—A piece of wire 12" long is bent at‘two points in such 
a way as to make a triangular tempISte, the angle at the vertex 
of tjbe triangle being 52° and >ts altitude ’is* 34". Construct the 
triangle and write down the l&igfhs of it» sides an;l the n^gnituBe 
of its t angles. # ' • 

■* 1922.—Two pulleys, 1$ feet and 3 fe*et diamett# r^?p(vuivt$y, 
are fixed at 6»feet centre to centre. An eadles* belt paaSes over, 
the pulleys. Drarf the*election, of th» pulleys and belt to a 
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s«@le of i foot -1 .inch. Find the length* of the belt. All 
aoflJtruction lines must he shown. / - • • 

t • 

1922.—Draw a pentigon of 1 inch sidtVand enlarge it so that 
the areaanay b» twice that of the one-inch pentagon. • 

1921. —Construct a (ale of 9 feet to the inch. It should be 
long enough t^ measure 50 feet. Each main division to rpad 5 
feet. The first division on the left of the stale to, be subdivided 
to read to 6jnches. * » 

19%^-Two rc^ids meet at an angle of 45° 4 *and at the point 
of meetifigNvo cyclists, A and 11 , start along each road, A 
travelling at 8 miles, and B at 5 miles an hour. When B 
travelled 7! miles, how far will A be fronl the starting point ? 
Find the result by inpeometrica construction. 

1921.—Describe a circle of ij inches radius. Draw any 
diameter A B-. From a point in AB produced, draw a tangent 
2 inches long to the circle. 

19211—Print the word "Engineer” in block l irtth high. 

, \VriTe the following in italics:— “When Rising die 
square, hd!3 and move it with the left hand, and draatthe lines 
from left to right.” • * 

1921. — Draw any irregular quadrilateral figure, then draw'a 
line from one corner which will divide the quadrilateral qpto *■ 
two equal parts. * • 

m 1919.—ABCl^is a trapezium, the angtg at A is 120 0 , AB is 
2" AD is 1", B£ -}" and DC = BAect the trapezium by a 
straight line from A. ^ ^ 

191^-A landowner had a square plot of land, and wished 
to keep for his owm, use a square equal to a quarter of its area 
and to divide for the use of Jfls four *ons the gaining three 
quarters into foil* .parts, the same size and shape. Draw a 

square «f % side and shrfcv how this can be t^one. . 

. . » ,.09 

1919.*—Two p'ointj are a part, and their distances from a 
Straight are £" and ij". iJraw a circle to pass through # lhf 
So points a*d to touch the straight tine. 

• * 

1915^ A dlstanc^Qf »i miles .and *3 furlongs is represented J 
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°?„ a ma P ' k) y 4 i • praw the seal?; of the map showing furlong 
diagocilly. What is- the R. F. of the scale ?' 


1,019.—The distance between the" foci of an ellipse is 24 
; ul and ‘he major axis is 3.’-" long. Draw the ellipse. 

1918.—Construct an isosceles triaigle with its equal side 
long and the included angle 30 0 On the same bast 
describe anot.ier isosceles triangle with its vertical angle doubt; 
that of the first tr-angle. 


1918.—Corstract a square of 2®" sideu, and through ont 
forner draw a line cutting off Jrd of its area. 

1918.—Draw art ellipse, the major and minor axes being 3' 
and 2" respectively. ’ “ 

I9r8.—Print th# word “Surface” in plain block type £" high 
Print in italics (capitals (V and small letters high) the whole 
question, “Construct a square of 2$' sides’’ &c. c 

1918.—A line 90 feet long is represented in a drawing by a 
':nc 6 long.i Make a scale of feet for the drawing and give its 
representative fraction. 

1918.—Construct a regular polygon on the chord of an are 
6f 72 0 . . ' 

- 1917—Print the word “Universal” in plain block type, $ 
inch high, and the following in italics (capitals T * y inch and small 
letters | inch high). “Civil linginering College, Sibpur, Howrah.” 

* 9 * 7 ' A triarfgle has its sides li”, 2*’ and ?j” respectively. 
Construct the figure and draw a square equal to half the area of 
the triangle. * 

* • • 

1917—Describe a segment of a circle having 1 chord of 3 
inches and containing an angle of r jo°. 

- * 9 * 7 -—Construct a diagonal scale of \o feet - i*inch to read 
inches. Mark off a length of 23 -8' on the scale itself. 

i. I 9 I 7 - Within a circle of 1) InchesTadius inscribe a rCgui-r 
hexagon. Wrthin the hexagon inscribe . three Sqifol - pircDs 
touching each other and each touching the .two sides' of the 
hex?«pn. * ' • ' 
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1917.—Draw a parabola, given the axis 2$ inches and the 
le ordinate 5 inches. ^ $ 

1916.—The length df a building is 42'* 16'This length is 
represented on the plan by 5". Draw a suitable scale ft>r this 
plan. . _ • 

1916.—P^ht tile wor $ “Plan” in plain block type J"high. 

1916.—Write your ijftme and address in italics! Tjje capital 
letters to be 5V' high. 

1910^^)raw aline AB, 4" long. Drawli line BC, 3" long, 
perpendicular to AB. With centre C and radius draw • 
circle. Join AC cutting the circumference io D. Draw another 
circle to touch AB, and the first circle at D. 

1916.—Drawa rectangle ABCD, AB=»5* BC = 3". Mark a 
point'E midday between A and D. From Ii draw a line making 
an arfgle of 30° with AD and cutting AB in F, Reduce the 
figure EFBCDE to a triangle having th«^am# area. • 

* f 

iq id.—Draw by means of semicircles a commiM spiral of 3 


revolutions on a diameter of 5". 

1923.—Make a freehand sketch of any one of tlie follow¬ 
ing Padlock, Chair, Three legged stool, Bucket, “Kodali.’ # 
Your sketch should be 6 inches long ar.d proportionately wide. 

1921.—Make a freehand sketch, from memory, of gny one 
of the following articles, so as to be intelligible to all men :— 
Ha^d-saw, chair, rjiad-rotler, mallet,* bucket. 







